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REPAIR AGRKEMRRT 



The Flashwriter II Boaro sold no r .--under is sold "as is", with all 
lauits and without any warranty, eitecr expressed or implied, 
including any implied warrant) of i itness tor intended use oi~ 
trie rchantabi 1 i ty . However, the ah' eve notwithstanding, VECTOR 
GRAPHIC, INC., will, for a period oh ninety (90) days following 
delivery to customer, repair or replace any Flashwriter II Board 
that is found to contain detects in materials or workmanship, 
provided ; 

1. Such defect in material er workmanship existed at. the 
time tie Flashwriter II Roaro 1 e ;". t the VECTOR GRAPHIC, INC. , 
■ actory; 

2. VECTOR GRAPHIC, INC, is qiven notice o£ trie precise 
detect claimed within ten (10) days d'ter its discovery; 

3. The Flashwriter II Board i .■:'. promptly returnee to VECTOR 
GRAPHIC, INC., at customer's expense, for examination by VECTOR 
GKAPHIC, INC., to confirm the alleged delect, and for subsequent 
repair or replacement if found to be in order. 

Repair, replacement or correction <.,: any delects in rnaterial or 
workmanship which are discovered after expiration of the perioe set 
iorth above will be performed by VECTOR GRAi-dixC, INC., at Buyer ' s 
e xpe nse , provided the Flashwriter 1.1 Board is returned, also at 
Buyer's expense, to VECTOR GRAPHIC, INC., for such repair, 
replacement or correction. In performing any repair, replacement or 
correction after expiration of the period set forth above, Buyer 
will be charged in addition to the cost of parts the then-current 
VECTOR GRAPHIC, INC., repair rate. At the present time the 
applicable rate is $3b.OO for the first hour, and $18.00 per hour 
for every hour of work required thereafter. Prior to commencing any 
repair, replacement or correction of defects in material or 
workmanship discovered after expiration of the period for 
no-cos t-to-Buyer repairs, VECTOR GRAPHIC, IRC., will suOa.it to buy*., r 
i written estimate of the expected ehaiges, and VECTOR GRAPHIC, 
INC., will not commence repair until such time as the written 
estimate of charges has been returned by Buyer to VECTOR GRAPHIC, 
INC., signed by duly authorized representative authorizing VECTOR 
■GRAPHIC, INC., to commence wit;., tin rcpan work involved. VECTOR 
GRAPHIC, INC., shall have no on! i gat ton to repair, replace or 
correct any Flashwriter II Boara until the written estimate has been 
returned with approval to proceed, and VECTOR GRAPHIC, INC., may at 
its option also require prepayment of the estimated repair charges 
prior to commencing work. 

Repair Agreement void if the enclosed card is not returned to VECTOR 
GRAPHIC, INC. within ten (10) days of < r -nd consumer purchase. 
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INTRODUCTOM 



1.1 Description of the Board 

The Flashwriter II Video Board is Vector Graphic's advanced 80 x 24 
memory mapped video board. By "80 x 24" we mean that the board 
displays characters on the screen in 24 rows of 80 characters each. 
Each character is made up of an 8 x 10 matrix of dots. 

The Flashwriter II can be installed in ANY S-1Q0 8080 or Z-80 
computer, including existing Vector Graphic computers, in order to 
convert the existing memory mapped display to 80 x 24, or to make 
use of memory mapped video for the first time if a serial terminal 
had been used. It can be used with almost any standard computer 
video monitor, since it can produce either separate or combined 
video and sync signals. However, the monitor must have a band width 
of at least 12 MHz. The board is definitely applicable to the 
Vector Graphic Mindless Terminal, which requires separate signals. 
(Note: in this manual, the word "monitor" refers to a video display 
unit, and the word "Monitor" with an upper-case M refers to a kind 
of computer program which handles basic housekeeping functions for 
the computer. ) 

The Flashwriter II makes use of the most up-to-date ideas in circuit 
design such as flicker-free updating of the screen, separate sync 
outputs for video monitors requiring it, on-board user-programmable 
PROMs storing the character set, on-board socket for a video-driver 
and/or Monitor, Jump-on-Reset capability, to be used if the on-board 
video-driver socket is used, the availability of inverted or 
non-inverted vertical sync signals, the availability of combined or 
separate video and sync signals, and the capability for reverse 
video. To make the board adaptable to many different systems, you 
are free by using jumpers to specify the memory addresses used by 
the on-board video memory RAM and the on-board video driver. 

Further, a parallel keyboard input port is incorporated on the 
board, with the port numbers changeable by jumper anywhere from 00 
and 01 (status and data) up to 0E and OF. Although the board is 
shipped jumpered so that it strobes the keyboard data into the input 
latch on the rising edge of the key-depression strobe, a jumper can 
be installed to strobe the data on the falling edge, as required by 
some keyboards. The board can also be jumpered to generate an 
interrupt when a key is depressed, instead of waiting to be polled. 

A particularly useful feature of the board is the ability to accept 
a user-created character set, which can be either a 128 or 256 
character set. If a 256 character set is desired, then the user 
must sacrifice the use of reverse video. The board is shipped with 
a 128 character set, on a PROM. This set consists of the 96 
standard ASCII characters and 16 special graphics characters which 
can be used to build graphics images or large characters. 
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Instructions are provided for creating your own character set and 
encoding it on 2708 or 2716 EPROMs (the latter for a 256 character 
set) , if desired . 

Instructions are given in this manual for writing programs to use 
the board. In addition, the user can purchase, if not already 
included in his computer system, the Vector Graphic Extended Systems 
Monitor with video driver, Version 3 EV-II. Before making this 
decision, section 3.2.1 should be read. Use of this Monitor will 
eliminate some or all of the assembly language programming necessary 
to use the board. The EVIOS program, a sophisticated video driver 
used with the Flashwriter I board, canNOT be used with the 
Flashwriter II board, but Version 3 of the Monitor makes it largely 
unnecessary. For user's familiar with Flashwriter I, this is partly 
due to the fact that Flashwriter II does not have a separate memory 
block containing character attributes. In Flashwriter II, there are 
no special vertical and horizontal lines outside of those in the 
graphics characters, there is no reduced intensity, and the graphics 
characters are produced in response to ASCII codes 00 to IF and 80 
to 9F. 

The Flashwriter II board is a major addition to the Vector Graphic 
product line. Vector Graphic has now applied its well known 
excellence in video display quality and product flexibility to the 
creation of an advanced 80 x 24 video display board. 

1.2 Description of the Manual 

This manual provides a discussion of the theory of operation of the 
Flashwriter II, and a User's Guide describing 1) when and how to 
modify the board's electronics and PROM's, 2) how to program for the 
board, how to adjust the TV monitor, and how to connect the board to 
keyboard and video. Since the board is not sold as a kit, assembly 
information and parts list are not included. 
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II. THEORY OF OPERATION 

A block diagram of the video display module is shown on page 4-5. 
Each of the blocks is comprised of several integrated circuits as 
shown on the schematic diagram on page 4-7. 

2.1 Keyboard Port 

Starting with the keyboard port, U46 is an 8 bit latch which 
internally stores the data from the keyboard cotviing through Jl when 
the STB (pin 11) input goes low. A jumper option allows the correct 
strobe polarity to be selected. U46 contains a service request flip 
flop whi ch is set by the same strobe edge that latches the data, 
causing INT t o go low (pin 23). This signal can optionally be 
connected to PINT on the bus (pin 73) for interrupt driven keyboard 
input, or can be tested by accessing the status port. Two adjacent 
ports are always occupied by the status and data with the status 
being the lower one. The port address is decoded by U39 and the 
associated sections of U27 and U38. A jumper allows the selection 
of port addresses from and 1 to E and F. (Each pair of ports 
refers to status and data, respectively.) Signal s IN PS and IHPD 
enable tristate bus drivers U45 and U21 to gate the INT signal and 
data onto the bus at the appropriate time. Both inverted and 
non-inverted status are available, for keyboard drivers using 
different conventions. The vertical blanking signal is also 
available, from the status port, for use as a 60Hz clock signal, or 
for synchronizing data transfers with the vertical retrace. 

2.2 Horizontal Sync Circuitry 

The timing for the characters, horizontal blanking and horizontal 
sync pulse is provided by U15, 1129, U3 and Ul. A crystal oscillator 
at 14.318 MHz provides the clock for all the signals. This is the 
frequency at whicii the individual dots making up the characters are 
displayed. U15 divides this clock by 3 to generate a character 
clock output every time a new character is to be displayed. This 
signal is further divided by U29 and U3 to generate a horizontal 
period of 63.69 micro-seconds. The outputs H0-H6 are binary outputs 
representing the 80 character positions per line. H7 goes high at 
the end of the displayed line of characters, and is used as the 
horizontal blanking signal. At the count of 207, decoded by U2 pin 
8, the counter string is preset to the value of 94 and starts 
counting over again. This signal also triggers Ul , a dual one-shot 
to generate a horizontal sync pulse. The delay of this pulse can be 
varied by the horizontal position potentiometer to allow centering 
the display on the TV screen. 
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2.3 Vertical Sync Circuitry 

The vertical sync counters U6, U4 and U5 are clocked by the 
horizontal sync pulse from Ul pin 5 to produce a count from to 
261, Each row of characters occupies 10 scan lines. U6 is a decade 
counter, so it generates a terminal count (TC) every 10 lines. The 
displayed characters occupy 240 lines, and U19 pin 12 goes low at 
the count of 240 to blank the display. A vertical sync pulse is 
generated by a section of U5 and U20 pin 1 which is 2 lines long, 
from 240 to 242. This is slightly shorter than a standard TV sync 
signal, and produces a minimum disturbance to the horizontal sync of 
the TV. The video output remains blanked until the counters are 
preset to at the count of 261 for a total of 262 scan lines. 

2.4 Memory Address Multiplexer 

The on board memory is multiplexed between the CPU and the sync 
circuitry. This is done using tristate drivers U40, U41, U28 and 
the tristate outputs of U16. Thus when the CPU addresses memory, 
the address bus signals drive the memory address inputs, and while 
the characters are displayed on the screen, the address inputs are 
generated by the sync circuitry. One complication is that since 80 
is not a binary power, there is not a convenient separation of 
horizontal and vertical address inputs. 80 is divisible by 16, so 
the least significant 4 bits from U29 are applied directly to the 
memory address inputs. The remaining 3 horizontal counter outputs 
H4-H6 and the vertical sync signals V0-V4 are mapped into 7 bits 
using a 256 x 8 ROM U16. This effectively maps the displayed 
characters in a linear fashion into the 2K of address space occupied 
by the memory. Since 80 X 24 = 1920, there are 128 locations in RAM 
that are not displayed on the screen. 

If the memory is addressed by the CPU, it will not be able to 
generate the proper output to be displayed on the screen. This 
would cause undesirable glitches, or flashes of light on the screen 
as the display was being written into. To prevent this, access is 
inhibited by the CPU except during the horizontal retrace interval. 
U12 provides the necessary arbitration and pulls PRDY (pin 72) low 
tc put the CPU in a wait state until it can access the memory. Two 
sections of U12 provide delays to ensure that control is transferred 
properly. U12 pin 13 provides a delay to ensure that the CPU has 
finished its current memory access cycle, and U12 provides a similar 
delay to ensure that the memory access time is satisfied before the 
CPU proceeds. The data bus is buffered by U44 and U33. 

2.5 Memory Latch 



The combined access time of the memory and the character generator 
ROM exceeds the character period of 558 ns. Thus the data is 
"pipelined" using U34 and U35 to latch the memory data. This 
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provides 558 ns access time for both the RAM and character 
generator. The output of U34, U35 is delayed by one character clock 
period from the sync counter outputs, while the data strobed into 
the dot shift register U8 is delayed two character clocks. To 
compensate for this delay, it is necessary to delay the horizontal 
blanking signal also. This is done using sections of U35, and the 
output of pin 12 is H Blank DLD, the delayed horizontal blanking 
s ignal. 

2.6 Character Generator and Shift Register 

The dot patterns for each character are generated by U22 and U23. 
The 8 bit output from these user programmable EPROMs is supplied in 
parallel to U8 which shifts the dots out at the high dot clock 
(14.318 MHz) rate. The addressing of U22, 23 is arranged so that 
there are several options as far as the ROMs are concerned. U22 
generates the top 8 lines of each character cell. If only upper 
case characters are used with no descenders, this is the only ROM 
required. For the descenders of lower case characters and graphic 
symbols, a second ROM is required (U23) which generates the bottom 
two lines of each character cell. If in addition, a full 256 
characters are used, U22 is replaced with a TMS 2716. For the 128 
character ASCII character set, the most significant memory bit is 
not required. This is normally jumpered to U7 pin 12 to control the 
reverse video. If the 256 character set is used, this bit is 
connected to U22 pin 20 to select the upper half of the ROM. More 
information on this subject is provided in the User's Guide, Section 
III of this manual. 

2.7 Video Combiner 

The horizontal and vertical sync signals are available at J2 pin 4,5 
for monitors such as the Ball Brothers TV 120 used in the Vector 
Graphic Mindless Terminal which require separate sync and video. 
U19 pin 8 is the combined video and blanking signal which is 
available at ,7 2 pin 3 with the proper polarity for the Mindless 
Terminal. The sync signals and video are combined in the circuitry 
associated with U10, and are available at J2 pin 1. The horizontal 
and vertical sync are first combined in U7 and then summed with the 
video using the open collector outputs of U10 and the resistive 
network. The resistor values have been chosen to give the proper 
sync and video amplitudes and to provide a 75 ohm source impedance 
to drive a terminated video cable. Very good video rise and fall 
times are obtained with this circuit. In order to compensate for 
the limited bandwidth of most TV monitors, some high frequency 
preemphasis is provided by the 470 pf capacitor shunting the 100 ohm 
output resistor. If the video display is not satisfactory, it may 
be improved by changing this value. 
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2.8 Monitor ROM Circuit 



A socket is provided for a 2708/2716 ROM to be used as a monitor 
and/or video driver. U26 selects both the address for the video 
memory RAM and also the ROM with jumper options every 2K in the 
upper 16K of memory. A Jump on Reset flip flop consisting of U9 
sections has two functions: 1) to disable RAM after the system is 
powered up or reset; 2) to enable the on-board Monitor ROM at 
address 0. If the first three instructions of the ROM are JMP XX03, 
where XX00 is the normal ROM address, then when the system is 
powered on or the reset key is depressed, these instructions will be 
executed, causing the CPU to continue executing with the 4th byte of 
the ROM. After the jump takes place, the circuitry automatically 
resets the flip flop and restores normal operation of the RAM. 
Circuitry is also provided to generate MWRITE, a signal produced in 
some computers by the front panel. This is not required in Vector 
Graphic equipment as it is generated by the Z-80 CPU board. 
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Changing the Address of the Video Memory 



2K of RAM are provided on-board for storage of the current screen 
image. Since the screen contains only 1920 character locations, the 
last 128 bytes of this RAM is available for any other purpose. The 
board is shipped with this RAM addressed at D000. Since the Vector 
Graphic Extended Systems Monitor assumes this location, do not 
change it if you are using the video driver in this Monitor, unless 
you are willing to modify the Monitor on PROM. If you do want to 
change the address of video memory, a jumper must be changed in Area 
F. The jumper which determines the address of the RAM goes from pad 
2 to one of the 8 pads below it. Each of the 8 pads corresponds to 
one address, as indicated in the diagram below. Cut the existing 
jumper and install a new one as required. 
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3.1-3 Putt ing a Monitor PROM on the Board 

The Flashwr iter II board is not shipped with a Monitor PROM on the 
board. However, socket U42 is available for either a IK 2708 or a 
2K 2716 PROM hoidimj a Monitor and/or video driver. This program can 
be one of the vector Graphic Monitors (see section 3.2.1) or one you 
have written yourself (see section 3.2.2.) (Note that in Vector 
Graphic computers the Monitor PROM resides on the 12K PROM/RAM 
board.) If vol. -io install a Monitor PROM on the Flashwriter board 
in U42, it will Sanction if the board is properly jumpered. Refer 
to sect ions 3 , •. , •'-. .. •: , i , b , and 3.1.6. 

3-1.4 Add *•*•"■ s ol the Monitor PROM on the Board 



If you choose Lc use the socket provided on the board for a Monitor 
and/or Video hi. ; .\,er PRO!'":,, you must put a jumper in Area F to specify 
the address or ioos PROK. The jumper goes from pad 1 to one of the 
8 pads below it. Caen of the 3 pads corresponds to one address , as 
indicated in trie- diagram in section 3.1.2. Obviously, you cannot 
use the same uicck o£ memory that is used for the on-board RAM. 

3.1.5 Specify ;j _n_g_ whethe r Monitor PROM on Board is 2708 or 2716 

If you choose -o u .-.•;>.; the socket provided on the board for a Monitor 
and/or video drivor P.ROM ? the chip used can be either a IK or 2K 
chip, i.e. a 2/Co ol 2716 respectively. The board is shipped to 
accept a IK Pi-.OM , as determined by the jumpers in Area D. In order 
to use a 2 7 It PPGM , cut the jumpers from 1-4 and from 2 - 3 and 
replace with a juniper from 1-3 and a jumper from 4 to Area M. 
(There is only one pari in Area M.) 

3.1.6 En abling Ju;.. ; ; o'p Reset 

At this time, the i : *:?;:hwri ter II board is not shipped with a Monitor 
PROM, and therefor:- ;.■■ not. responsible for Jump-on-Rese t . If you 
install a PROK o>: :',,:■ ooard, you will want to enable Jump-on-Reset. 
If this is enaihrf^ wh'_n the operator powers on the system or 
depresses t.h': front;. ;,anel renet switch, the CPU will automatically 
read the first 3 bytes ol the Monitor PROM on the board. Thus, the 
first three bytes of the Monitor PROM must be a jump to some other 
address in memory. Usually this address is simply the next address 
on the same PROM, namely the beginning address of the PROM plus 3. 

In order to enable Jump on Reset, install a jumper in Area C from 1 
- 2, and in Area K l rein 1-2. If you are writing your own Monitor 
PROM, then tno procr^ which begins at the 4th byte of the PROM must 
be an appropriate response to the reset. 
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3,1.7 Changing the Keyboard Port Address 

formally the keyboard is accessed through ports 00 and 01 (status 
and data, respectively). You can change this to any consecutive 
pair of ports up to 0E and OF. This is done by changing the jumper 
in Area J, Cut the existing jumper. Then, install a jumper from 
pad 1 to the pad corresponding to the desired port address, as 
illustrated below. 
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3.1,8 Changing the Polarity of Vertical Sync Signal 

The board is shipped to output an inverted vertical sync signal, as 
required by the Vector Graphic Mindless Terminal. If you are using 
a video monitor which i-equires a non-inverted vertical sync signal, 
then cut the jumper ir. Area A from 1-2, and install a jumper from 
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ignal KWRITE is produced by the Vector Graphic 



Z-30 CPU board, m other computers, it is produced by the front 
panel. If your computer does not generate MWRITE, then you will 



need it in order to write to memory. The Flashwriter II 
generate it if you place a jumper in area G, from 1-2. 



board will 



3.1.10 Changing the Polarity of the Keyboard Strobe 

There are 4 commoa types of strobes generated by keyboards to 
indicate that a key has been depressed, as illustrated below: 
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The first type is the one used by the keyboard on the Vector Graphic 
Mindless Terminal. Both it and the fourth type require that the key 
data be strobed into the Flashwriter keyboard latch on the rising 
edge of the strobe.. The Flashwriter II board is shipped to strobe 
the data into the latch on the rising edge. On the other hand, if 
your keyboard generates the second or third type of strobe, cut the 
jumper in Area H. 

3.1.11 Using Interrupt Driven Software 

If you want the keyboard to generate an interrupt whenever a key is 

depressed, put a jumper in Area L from 1-2. If this jumper is not 
in place, then keyboard data can only be obtained by polling the 
status port. (See section 3.2). 

3.1.12 Supplying a Keyboard with a Negative Voltage Power Supply 

If you have a keyboard which requires a negative voltage power 
supply in addition to the +5V, and you are technically oriented, 
then there are pads in Area N of the board to install a zener 
regulated power supply. The circuit diagram on the left, below, 
will be completed if you insert the correct resistor and zener in 
Area N, as shown on the right, below. 




The zener voltage will depend on the keybard requirements if it is 
needed at all, and the resister should be selected to bias the zener 
with at least 10 mA of current in addition to the current required 
by the keyboard. For example, with a keyboard requiring 10 mA of 
current at ~6V, the zener could be a IN752A (5.6V) and the resistor 
could be 10/. 02 = 500 ohms (470 nominal). The zener power 
dissipation would be 60 mw and the resistor dissipation would be 200 
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raw. Use a 1/2 watt resistor to allow for higher supply voltages. 

3 .1.13 Using a Spare Key on the Keyboard for Reset 

If your keyboard has an extra key not connected to the keyboard 
encoder logic, it can be used to reset the system, as an alternate 
to the reset key on the front panel. This is not possible with the 
Vector Graphic Mindless Terminal. Simply connect the key so that 
when it is depressed it grounds pin 11 of J 1 , the keyboard socket. 
See section 3*^-3 for a diagram of J1. 

This pin is connected to pin 75 on the bus (PRESET). When the line 
is grounded by depressing the key, the jump-on-reset circuit on this 
or another board will enable the Monitor PROM on the same board. 

3.1.14 Acce ss sing t h & 60 Hz Vertical Blanking Signal 

Bit 5 of the input status port is low during vertical retrace. 



3.2 Program ming for t he Flashwriter II Board 



3.2.1 Vector Graphic Extended Systems Monitor 3 EY-II 

By far the most convenient way to use the Flashwriter II board is 
through the use of the Vector Graphic Extended Systems Monitor, 
Version 3, Option EV-II or CV-II. This program comes on a PROM to 
be installed in position 8 on the Vector Graphic 12K PROM/RAM board. 
The Monitor is NOT automatically included with any order of the 
Flashwriter II board, and therefore must be ordered as a separate 
item. If you are upgrading a system from a Flashwriter I board, the 
Extended System Monitor used for that board will not work with 
Flashwriter II. You must order Monitor 3. 

In contrast with earlier Vector Graphic Monitors, the video driver 
in Monitor Version. 3 allows you to write anywhere on the screen, 
either by moving the cursor from the keyboard or entering X,Y 
coordinates from an assembly language or BASIC program. (BASIC must 
have POKE, as does M.BASIC provided with Vector Graphic Systems.) 
It also allows you to toggle reverse video from program or keyboard, 
and offers several lesi significant additional features. Both 
Monitor Version 3 and sariier versions contain keyboard input 
routines. Option EY-II Interfaces to parallel keyboards, while 
Option CV-II interfaces to serial keyboards as on printing 
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terminals. 

In addition to the video driver, and keyboard input routines, the 

Version 3 Monitor offers a wide range of useful utility programs, 
including ASCII Dump, Hex Dump, Jump to Micropolis Bootstrap Loader 
(D800), Compare Blocks of Memory, Jump to Extension PROM (C400 - the 
start of MZOS or a user written PROM), Find Two Bytes, Go To and 
Execute, Input from a Port, Jump to Loaded DOS (jumps to the 
warrastart location of MZOS or MDOS, whichever is running), Jump to 
0000, Move Memory Block, Non-destructive Memory Test, Output to 
Port, Accessing Program Memory (for displaying and changing 
consecutive addresses), Compute Checksum, Jump to DC00, Search for 
Single Byte, Test Memory, Jump to 2AO0, Wide Screen ASCII Dump, 
Exchange Memory Blocks, Keyboard Echo, and Zero or Fill Memory. 
These routines are accessed when the Monitor Executive routine is 
running, as indicated by the Monitor prompt *. 

Version 3 of the Monitor contains several methods of displaying 
characters. Although the documentation to the Monitor describes 
these, a review here is useful. The basic technique is to call the 
video driver (CALL C006) with the desired character in the A 
register. This is sometimes called "sending" a character to the 
driver. This is the method used by all Vector Graphic operating 
system software such as MDOS and MZOS to display characters. By 
H$r itself, this can only be used to display normal alphanumeric 
characters, those with codes between 20 and 7F (Hex). (The driver 
converts the codes higher than 7F to the corresponding code from 00 
to 7F, by changing the 8th bit from 1 to 0.) Then, only the codes 
between 20 and 7F are displayed. Any code between 00 and IF is 
interpreted as a command rather than a character, or if not a valid 
command, then ignored. 

How then are graphics characters displayed? To get around the above 
resrictions in order to print characters outside the range 20 to 7F, 
first put the character you want to print in the B register, then 
put Hex 05 in the A register, and then call the video driver at 
C006. If the character is from 80 to FF, then it will be displayed 
in reverse video if your board is jumpered for reverse video as 
shipped. If not jumpered for reverse video and you are using a 256 
character set, then codes 80 to FF will produce whatever characters 
are specified in the character generator PROM (see section 3.1.1.) 
If the character is from 00 to IF, the corresponding graphics 
character will be displayed, or whatever other character is stored 
in the character PROM if you have created your own character set. 
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cancel, send a n o t h ft r C c a t r c I ~ T , 

J__. 2_„_2 Pi splay 1 ng ___ Ch aras ie r s Without Using the Vect or Graph i_ c 

j4craitce Video Driver 

This socdon Is of cc:,c---tp if you are bypassing the Vector Graphic 
Extended n j ~.z :•-■-.-: r-.c 1 1 ; : o ^ video driver, or writing your own video 
driver.. 

To display a ch.-.-i -..:c c o r ?or<ewhsre on the screen, simply write the 
cor respondi. '.-.i-;; ^SC.iI code into the appropriate RAM location, using 
the RAM on t.h: v F\ ?3n-i<r 1 cor II board. Unless you have changed the 
location :-f. ■..h*.i P.A.H os described in section 3.1.2, it is the 2K 
block fiom looiv: to ,"-7 FT Since the screen is 80 x 24, the last 128 
bytes of this oi ■_■:..'•■ .: : a not used. The first location of this RAM 
corresponds to the o^crt left-hand corner of the screen, and 
successive loce. •:•;.:• -.s novo across the screen from left to right, 
going to the lefc ;:-dcc c: the next line down at the end of each 
line. 

If the board is used a? shipped, the characters which will be 
produced by each aGCII cede are shown on the diagrams on pages 4-1 
and 4-2, This ;;v:hde=. special graphics characters which you can 
use to build oraphic Or,-r,;es such as pictures or large letters. Note 
that the ch? rn :: t err f;or> 30 to 9F are reverse video versions of 
those from 3o ::.c IF, Similar ily , if you display a character having 
a code from hid to FT, .'. c win be the reverse video version of normal 
alphanumeric char acre »;o from 20 to 7F. (This assumes that the board 
is jumps red for re\. ->rs-r. video, as shipped.) As explained in 3.1.1, 
you !PiHy create ;,-":■-,-- own characters to replace those supplied with 
the board.. 

If you are writing your own Monitor program, including a video 
driver, you can it you choose install this PROM on the Flashwriter 
Board. The socket is labelled U42 on the board. If you do this, 
you should refer to sections 3.1.3, 3.1.4, and 3.1.5 in order to 
make appropriate hardware modifications if necessary. 

3,2.3 Producing Reverse Vi deo 

This section specifically covers reverse video, even though it has 
been discussed in preceding sections. Reverse video refers to 
displaying a character in black, on a white background. This 
section is only relevant if the Flashwriter Board is jumpered for 
reverse video, as shipped from Vector Graphic, rather than for a 256 
character set. (See section 3.1.1.) 

The easiest way to cause reverse video is to go the Monitor 
Executive routine (if you have the Vector Graphic Monitor Version 3) 
by depressing ESC on the keyboard. Then depress Control-T (CTRL and 
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T keys simultaneously). Any characters displayed after that will be 
in reverse video, until another Control-T is depressed. 

Any character stored in the Video Memory RAM will be displayed as a 
reverse video character if the 8th bit of the character is a 1. 
This corresponds to Hex codes 80 to FP. If the 8th bit is 0, i.e. 
codes 00 to 7F, video will be normal. In other words, if you 
display a character with a code between 80 and FF, it will be the 
reverse video version of the corresponding character between 00 and 
7F. The chart on page 4-1 shows characters corresponding to 00 to 
7F (Hex). On page 4-2 a number of additional graphics characters 
are shown having codes from 80 to 9F (Hex). Notice that the 
graphics characters from 80 to 9F are reverse video versions o£ 
those from 00 to IF. In the same way, if you store in video RAM the 
codes beyond 9F, that is A0 to FF, they will be displayed as the 
reverse video versions of the normal ASCII characters, having codes 
20 to 7F. 

There are three ways to store the reverse video characters in video 
memory. First, you can create the appropriate 8 bit code in a 
program and then store it in video RAM. For the second and third 
methods you must have the Vector Graphic Monitor Version 3. 

As the second method, you can send the character Control-T (14 Hex) 
to the video driver. This is how the method given in the first 
paragraph of this section works, Control-T toggles reverse video, 
so that any characters sent after it, assuming they are in the 
displayable range, i.e. between 20 and 7F, will be displayed in 
reverse video (i.e. the driver will set the 8th bit.) The 
Control-T itself will not be displayed. 

(Sending a character to the video driver means putting the code in 
the A register and calling C006. The Monitor Executive routine, and 
M.BASIC and MOOS do this automatically when displaying a character 
on the screen, so that all you have to do is cause the character to 
be displayed in any way available. For example, since the Monitor 
Executive echoes characters as they are entered, just depress 
Control-T on the keyboard after the Monitor prompt * in order to 
toggle reverse video. In contrast, the MZOS executive will pass 
Control-T (and all other Control characters) only if it is the first 
character of a line. The CP/M executive will net pass it at all, so 
that you cannot send a control-T from the keyboard under the CP/M 
executive . 

Third, you can send the character Control-E (05 Hex) to the video 
driver. Following this, you can put any character code in register 
B and call C006, and the code will be displayed. If it is in the 
range 80 to FF, then it will be reverse video because the 8th bit is 
set in these codes. Refer to the Monitor documentation for more 
discussion of Monitor commands. 
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3.2.4 Determining Whether a Character is in the Keyboard Buffer 

This section is of concern if you are not using the keyboard input 
routine in the Vector Graphic Monitor. Bit 6 of the status port 
(usually port 00, unless the board is jumpered as described in 
section 3.1.6) is high and bit is low when a character is 
available in the data port. You can test either one of these bits. 
When the test is successful, simply input the data from the data 
port (data port = status port + 1). 

3.2.5 Accessing the Vertical Blanking Signal 

For programmers interested in accessing the vertical blanking 
signal, bit 5 of the status port is low during vertical retrace and 
high at all other times. 



3.3 Adjusting Your TV Monitor 

If your monitor is the Mindless Terminal from Vector Graphic, then 
refer to the handbook for the Mindless Terminal instead of this 
section. 

The FLASIIWRITER is designed to utilize every line of the TV raster 
(picture). Therefore, some adjustment of the TV monitor is usually 
required to make all of the characters visible on the screen. Other 
adjustments may also be necessary. Most monitors have the following 
controls, either at the rear of the set, or as in the case of the 
Hitachi, inside the back panel. Often times an insulated screw 
driver is necessary to turn the controls. 

1. HEIGHT - controls the amplitude of the vertical 

deflection. 

2. VERTICAL LINEARITY - controls the line spacing 

usually at the top of the picture. 

3. WIDTH - controls the amplitude of the horizontal 

deflection. 

4. CENTERING - controls the positioning of the raster 

on the tube. 

5. HORIZONTAL HOLD - sets the frequency oE the 

horizontal oscillator. 

6. VERTICAL HOLD - sets the frequency of the vertical 

oscillator. 
7 . BRIGHTNESS - sets the background picture 

brightness. 
8. CONTRAST - sets the video amplifier gain. 

Begin the adjustment of the set with the HEIGHT and VERTICAL 
linearity. Fill the screen with a pattern of characters. (If you 
are using the Vector Graphic Extended Systems Monitor, then enter Z 
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DC 00 "V/F" 30 following the Nonitor promut. The missing character in 
the bottom line is normal ~ it is the cursor location.) Adjust the 
v "EIGa'l control- which is usually at the rear of the set, until all 
the char "=ct ers fit on the screen with an adequate margin on top and 
bo t ton;. notice whether the top line of characters is exactly the 
same height as the bottom line. If it is not, adjust the VERTICAL 
LINEARITY control until it is. These controls tend to interact to 
soine hearse, so several adjustments back and forth may be necessary 
until a satisfactory' adjustment is obtained. Do not be concerned if 
the display it not exactly centered from top to bottom. The 
HORl^C'-'Thh Kl'-j should now be adjusted so that the control is in the 
center of :...•;■<•:■ range over which the display is in sync, i.e., no 
character? ~re nissnapen, Fcr some types of displays, this may be 
over -i.h. ■€ whole range.. At this point, the horizontal position 
control o- .Or;- Flashwriter Board should be adjusted so that the rows 
of characters are centered on the screen horizontally. This control 
is the srnal^ black potentiometer on the upper left hand corner of 

Hope f '..nl ly - at this point you have satisfactorily adjusted your 
display,. if che characters extend off the sides of the display, it 
will D€- aeoobS ary to adjust the 'WIDTH control. Some newer sets do 
not have V-IOTh controls. If you are electronically oriented, you 
can handle this as follows j You can install a choke in series with 
the horizontal deflection yoke. Local radio-TV stores may be able 
to supply a width choke if this is necessary, or it is possible to 
wind one on a small powdered iron form on a eut-and-try basis. 
Another possibility is to slightly increase the high voltage if the 
set has this adjustment. 

After this, if the display is not exactly centered, it may be 
desirable to adjust the centering rings on the deflection yoke. On 
the rear of the deflection yoke are two metal rings with tabs 
protruding from them. These rings are magnetized, and by rotating 
them independently, the display can be shifted in any direction up 
to 1/2 inch or so. 

The adi.stiaenr of the BRIGHTNESS and CONTRAST should be so that the 
background is just oarely blacked out or slightly grey, while the 
characters are just aright enough- Too much contrast will result in 
excessive overshoot on the left edges of the characters, or "hot 
spots" in the characters. 

3.4 Connecting the Board to the Video Display and the Keyboard 

This section is only relevent if the board is purchased as a 
separate item, not already integrated into a computer at the 
factory. 

The 6-pin molex connector, called J2, juttiny from the top left 

corner of the board is used to connect the board to the video 
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display. The pins are numberd 1 to 6 from the left. Pin 1 is 
composite video, pin 2 is ground, pin 3 is TTL video, pin 4 is 
horizontal sync, and pin 5 is vertical sync. Accompanying the board 
in the same shipping container, you will find a small enevelope 
containing one 6-socket molex connector, and 6 small pins that 
insert into it. Solder the wires of a cable of your choice onto as 
many pins as you need. Then, insert these pins into the sockets 
corresponding to the pins on J2 which you require, as described in 
sections 3.4.1 and 3.4.2. 

As an alternate to using the enclosed 6-socket connector and 
assembling your own cable, Vector Graphic supplies two cabbies 
factory assembled, which you can use if one or the other meets your 
needs. They are described in sections 3.4.1 and 3.4.2. 



3.4.1 Connecting a Video Display Requiring Separate Sync and 
Video 

Access pins 2, 3, 4, and 5 of J2. 

The cable supplied with the Vector Graphic Mindless Terminal comes 
with an appropriate socket attached. If you have ordered the Vector 
Graphic Mindless Terminal, then this cable will be enclosed with it. 
Use of this cable is described in the Mindless Terminal manual. You 
may discard the socket and insertable pins accompanying the 
Flashwriter II board. 

3.4»2 Connecting a Video Display Requring Combined Sync and Video 

Access pins 1 and 2 of J2. If you are using a monitor having a 
coaxial cables you will probably want to assemble a cable having a 
compatable socket at one end, and install it in the rear of your 
computer, with the other end connected to J2 of the Flashwriter 
Board. I 

You can order from Vector Graphic a cable equiped with a 2-socket 
molex connector at one end and a BNC (circular) socket at the other 
end which can be installed in the rear panel of a computer. When 
ordering, refer to it as the "VBC" cable. Vector Graphic computers 
have cutouts at the rear which are the right size for this socket. 
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3-4.3 



Connecting a Keyboard 



The keyboard is connected via a 24-pin dip plug to socket Jl on the 
right side of the board. The following diagram shows the pin 

assignments: 















1 
2 






24 
23 


VCC (+5V) 






3 






22 








4 

5 






21 
20 


DATA 5 


DATA 1 
DATA 3 
-V (OPT) 




6 

7 
8 
9 
10 
11 
12 


Jl 




19 
18 
17 
16 
15 
14 
13 


DATA 8 

DATA 2 
DATA 7 
DATA 6 

DATA 4 
GND 


PRESET 
STROBE 


KE> 


(24 PIN 
BOARD I/O 


DIP) 
CONN 


ECTOR 



The cable shipped with the Vector Graphic Mindless Terminal has a 
properly wired 24-pin dip plug already attached. Simply plug it in. 
The use of pins 9 and 11 are discussed in sections 3.1.12 and 

■3 • J. • JL O • 
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.. ooaaaat:; 

O'CDDODO 

cjDDGnan 

D DC! DC DOG 
OjGDyODC 
DCiDDOOaC 

oaannooG 



nooaciDDQ 
ncDGonno 
oooaonan 

OOOODOOO 
OOODOOOO 
DDC0DOG0 

ODaoDaao 
ODDOOoan 
ooacaaoo 
pccui;nno 



. ■ 



'I i 



nGDDOCCC 

ocaaDnco 

DPOOOODD 



DDConauD 
uooooona 

OOODDOOL1 

ooaonnan 
orjaooooc 

DOOCGDOO 
OOOODUUCI 
OaOOGDDO 

■ ■■ '■"'" : 

onaaocDO 

-. ' ." i 

ODDOGaao 

OOCDGOOD 
DOOOOOOO 
DDOQ0DD0 

oaaooDOO 

OODDODOG 

ooaoDOoo 

OODDPOOO 



nnoaoo 

1ODDD0 



hcdoo oooac: 



aococ^oa 

D110CCDDO 

I nocoocoo 
aocoocno 

oooooaoo 

DDDHUDOO 

OaODCDOO 
[ DOOCCDDO 

POOOCODG 
I DDODDCGD 

OaoDDSCD 



oaeoucuu 

caoaoDOL) 
uDocacno I 
aorjonaon ( 
ncaooDDQ 

OOODOUDO I 
D0i.JDCi.lO 

noannnn- 



QDUDDC 

ODbcnr 

ooaaoc 
ancanc 

aonocc 

DDCOP': 

onooD<: 

DUD OOC 



DO Of!' 
00 DO'- 
OODOi 



<JD< 






DDQOO 
DnDDD 
iji.OGH GCOt 

oaoao 
□ooco 

DGOCLl 

or cog ! 



UCOOODOC 



roc '■ d I 



i^^LZ^ 






♦ REVERSE VIDEO VERSIONS OF GRAPHICS CHARACTERS 
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\ 

\ 

CM 

CM 

C 

o 



> 



T3 
U 

o 

00 



x; 
w 

Dm 
O 

x; 
a 

w 

o 

4-1 

o 

> 



— 




[ O JOCOCOCCOCC ' 

1 a §r2 r i"S°r. - i 


coDcaccDori 


acccoocGCC 


-DDDOGCGOC 


DCC3CODDCC 


COCCDCCODO 


CDDCDGGCCG 


CDDOOODODO I 




.— 




DD'T'-'CGnGO 


GGGOGCCOGO 


CCGOGGCODD 


GGGGGOQGGO 


GCGGGGCCGC 


GGDGGf Gene, 1 






< "'l CGCQCOCC 


OCECt CGGDG 


r.GCGCGGGCC 


OCCCCGCCDC 


GGCGDGCCCD 


GGCGGGCGCC 


CGIlCGf.H..CGO 1 


; 












u- - : L_GGC 


DCOOCCOCDQ 


CCGGCCGGGC 


C'XjulI; .G 2~~ \1 






"• j | 5cS3r' ; !;c><< 


* " o '" rr z b 5 c c o 


CGDCGCCGCO 


GGGGGGGGGC 


GGGGDDCGCG 


OCCGCDGCGD 


CGGCCGGGDD 


CC.JGGGL :^C C 




"" 


I s< | . DDDCUDC-. 


c i:" g i5 c g g g g g 


ncnrDG'GDGD 


GGGCCGGCGD 


Gccaccocca 


GGCGCCOCCC 


GGCGGGGGGG 


CGCCCGCCGC 








cgl* C^G'C-C^ ^ 


'_; "-.'■ H'TPDH 




GQOOCCnODG 


GGCCDCCGGC 


CCGGOGCGGD 










Q|-,jc,D"G , r . , 


"i GCTGDGac 


gc: r:x-i;-i:j 


:.;gg. ccogcq 


GGODGCOGOG 


CGGGDCGDDD 


CGGGCGCGDG 


GDDCCCGCDC 








O 


GCCDCc::cr:c 


ri.- g ■ ccc 


~3G .;ocgccc 


GCCCDCDCGD 


GOCODDDaac 


OCGGDCCCCO 


GCGGGCGGCG 


•i3CC"G30rr 




o 




a 


ccaccccccc 






GCCCGGCGOD 


GCCGGGGDCG 


DGCGGCCGCG 


CCCGCCDGCC 


DGGGGGGCCC 








ccoc:t;::c: 


£ r ^^ . rZ^Q^ 


"G r ^ GCGG ZG 


nDGGGGCGCC 


CnCGGGGGGG 


CCGCCCCCGC 


^GCCGGCGGG 


GGGCCCCCCG 




w— 






OCQCDaQOOD 


"rc^^jCCjcc 


gtg:_jc -c^c 


DCOCGGCGOO 


GGGGGGGCGG 


GGCGDOCCCC 


GGGGGGCCGD 


GCGOGCGGC 3 






U>J 




CCCCCCCCGC 




:_cococccjo 


GCOGDCGGCC 


GCCGGGGCCD 


ooaaaaocca 








~ 








.1'" ^"". r 1 f i L r iG 


UGnCCGDC'GG 


GGCGCGODGO 


GCGCGGDDCD 


cacooacacc 


GCCC GCGGGC 


GGCGO"!GG"^G 








DCOOCCDCOO 


-C'T TCDCCDO 


['jCCCGGGGCQ 


GCGCGGGGOO 


GCCGGCGGGG 


OOCCDCGOOC 




□ CGCGGG-.GC 








CDCGGGCCGO 


-. -'U '^^'wiS^C^ 


^GOOGGGGOG 


DCCCGCOCCC 


GDGCCCCQGG 


DGGGQCDCCO 


CCCCC3CG0C 


DCGCGGGGGG 






O 

D 


QcaoaGccca 


C3c"cccccnc 


DGCGGDODCa 


GdCOCDQCoa 


ODD0CGDG0Q 


aanGcaoQDc 


CGCCCCGGCD 


GGGGCGGGCa 




*— 




OCCCGDCOCC 


cccr-Dccaac 


OGCGCGOCDO 


cocccoocgc 


3GGGDDGGGG 


□GGCCCGDGC 


CGCGGCDDOQ 


GGGGGGGCGG 








C30GCCGGGCG 


3HCCCCCDOC 


CG'GGGGDDDa 


GDCCCGCCGC 


CGCGDGCCCC 


GCDDGGDDGG 


GCCCCCGaCG 


wGi DG — uL G 




o 


o 




DGDaCCGCGD 




GCDOCGCDQD 


GOCGGCDDDO 


aoacoGOCGD 


GDOaCOOGCQ 


GCCCGGGCGG 


GGGGGGGCGG 








CGOCGOGGCG 


::cco5cccdc 


CCGOOGDDOC 


caccccacao 


CGDGDQGGCC 


GQOODGCCOD 


GOOGGGCGGC 


"CGGGGGCGC 




— 








rr C"cr^CDC 


OPGCCCGDOO 


GCCCG-CGCOG 


DCGGDDDDGC 


OCQGUGGGGG 


GGGGCGCGGD 


GCCCCCCOCG 








a 


CCCCGDCwGC 


0O3CCDCCDC 


GGCGOGCGDO 


GOCCGGGCDD 


DDGDDOCCGG 


GCOGDCQCGG 


OGGCGGGDGG 


GGCGGGGGGG 








o« go.. : g.:_- 


QCCDDCCCGD 


DGcaacGcoo 


DGCCCaaGGC 


DOGGGC'DCGO 


GGaOGGGGCG 


OCCODGCGDG 


GGCGGGGGGG 






o 

Q 


OODCDOCGCG 


GCCCGCODCD 


DDCaCGGODO 


DcacococDO 


ODD30CCCCC 


GGCDGGGGOG 


CCDCECGCDD 


CCCGCGCGGD 




o 




GGCCGCGSDCD 




GGGGGQCGOD 


CCCCOCDCCD 


CGGGGCGDDC 


DGGGGGQCOG 


CGCCGDODCC 










Z^--'-'-~Z' 


l-dHSgESSdc 


CQGOGGGDaD 


OCGDDDDDCQ 


GGDCCccoaa 


GGGGDCOCGG 


CGGGCGGCGG 


CCCGCCCCCG 




o 


u 




DOQCQDDCCC 


CC3DCCPDCC 


DGCGCGDDGD 


□nccaccoca 


aOCDODDOGG 


GCOOGQGGGO 


GGGGGGCGOC 


GCGGGGCCGC 








occaoc-aooo 


COCCrDDOCD 


DCGQGGGDDD 


OGODGGGQDD 


DCDDCDGDOO 


OGOOGCCCGO 


CGCGGCDGDD 


wGCGGGCGGD 




"~ 






QGQDCCCDOQ 


aoc^cs^ccc 


GCGr.GOOCDO 


ODDDGGCCDG 


CCDGCGGCaO 


ODODODD3DD 


GGCGGGCGCC 


GGGCGCCG'DC 








a 


OCCDODCDOC 


COCDCGCCOO 


DGGGDCCOGD 


DGCCCCCCDG 


GCGGGGOCGD 


GDDDGDDCGG 


GGCGCGGGGO 


CCGGOCGCCG 








CCPDDCDCOC 


DCCOCGCODO 


GOGODOGODD 


COQOOODOCC 


GCDDCODCCO 


DGDGDGDGDC 


GGGGGwGGGO 


GGGCGGCCGG 






o 


DCGCCCCGGG 


czcic^ccno 


XCOCCCCDD 


CDOdCGDOOO 


DOOOCGOGOD 


GODDODDOOO 


GCDODCCCGC 


cocccaccGG 








Q 


DCCCOCCCCC 




COCCCCCDOO 


GaCCCODGCC 


OPODGCGCGD 


DGGCOCCCOO 


GCCGGCGGGG 


GGGGGGDDCC 










DOCQGGGOGG 


DGGCDCODDD 


GGGGDGDCCD 


GCCCGO0CCO 


OGGCGCGOOO 


DG GOGDGCGQ 


GGCCGCGaGC 


EZZZZJCaZZOC. 






m 




uCCCICCDCDC 1 


uOCDGuDDCD 


GGCCGGGGDG 


0aCCDGS3CG 


GGCDGGGGGD 


DDOODDDDGQ 


:":_::':.:: 






o 




z~ '-'-. 


CCQL^HCuCC 


DGGaacacoo 


GGGGG". ■ CCC 


ccccacncao 


COOODODDCD 


GGQCCGGGGG 


GGGGGGGGGC 






p*s 




ScccEBcccc 


OODODCDCac 


acDGGCGOCD 




GDOGGOCGGC 


CCGCaGGGCG 


GCCCCCCCCC 








cgcddgcEqo I 


0CCDGCCG-1Q 


GCCGGCGGGO 


GQ!2i2C0dnDC 


OGOw ■*- IGl-iGUw 


OCCGCCGCCG 


GCCGGCGGGG 


'. . -G-i . _ 






i_j 


COCjGGCOGQC I 


ncooaocoas 


OGGGDCDGaa 


□paOODDDDD 


OCQCDDCGDG 


GOOOODCGOC 


GGCGGGGGGG 


GCGGGGCCGC 






a 


D02CD0QDCD 


QGDDCOCDCC 


G3CDCG0ODC 


CGQGGCOGCO 


CCDCDODGGC 


OOPCGOODDG 


GCGCGCGDDC 


z GGCCCGGGC 




o 




OCCCC3DCCC 


ODCCOD^^OC 


CGGGDGCGGG 


GGGOCCCGGQ 


GPCCGGGGGD 


OGGGGCOCGC 


DGGGCGGGQG 










ccxccqccc 


GGG^GOOCCC 


GGGDGGGCGG 


CGGCCCCGGG 


COGGDOCCOD 


DacccoaaDG 


GCGGCGGGGG 


G G G Z. ~ C ". C" G 






< 






CGGGGGDOCC 


□GCGGGDGGa 


GCOGCGGCCD 


GGGGGCGGGO 


ccanGcaccG 


CGCGDGGCCC 






o 




f . ". r T - " - 




GGDGGGDGGD 


CCGCGCGCGO 


GCGCCCCOCO 


GGCGCDcnaa 


GGCGCCCCCG 


TGGG GGGGCG 










D:£?3DDCCD 


GGGOCGCCOC 




ccGCGGocaa 


GCCCGCGCCG 


GCCGGCGGGG 






„ 




gggggcggcg 




GGGGGCGGGO 


GDCGCGCGGQ 


GCGGCCCGGG 


CCGGCCGGGC 


^"GG^GGGCCG 


CGGGCGGCGG 






www , """ l "" l ™ , 




DDGGGaGGCG 


acccacccGO 


cocoocacco 


CCDCCCCGGG 


GCCCGOGGGG 


-GCCGCGCCG 






o 


G3OGnC0CGC3 


cc3Dcaaca=c 


GCGGGCGGCG 


DDCCGGGCGO 


CGOOOGDCCO 


CnaCGCGGGD 


GGGCGGCCGG 


-'GGCGCr-GG 








Q 


CGGGCCGCGC 


CCGCCGCCGC 




DGCgGGCGGC 


□□GCGGCGOn 


CCCGGGGGCO 




""•'. - ' - 




o 




CGGCGCGGCG 




GGGGGGGGGC 


GG3GCCCDGC 


CCGCOCGCGC 


CGGGCCCGCG 


GGGGGGCCGD 


GGCGCGCDC1G 




t> 




3C3CCDCCC3" 




GCGGGGGGGG 


GGCGGGGGGG 


GGGGGGGGGC 


GCDGCGCGCC 


CCc" GGGGGGG 


GCCGCGGCCC 




o 










CCDOGCCOCO 




CDGDGCGGDD 










a 








GCCGGGDGCG 




DCCGCGGCQC 










CCGI3GCGCCG 






OCGCGCDDCC 




CGDCCCGGGG 












GCODOCDDOG 


^3E5g5£55c 


GCGCGGGGGG 


aGCODDDGCC 


DGGaCCDOCG 


GCGGCGDCCC 


GGGGDCCCGQ 


1GCCDCGGCO 








o 


GGaOCCDCGC 


coccc3CGac 


GGGGDGGCDC 


CDOaCDCDOC 


acoceoccoo 


CCDCDOCDCD 


CacGGCGGDG 


"-CGC-GCGU 


O 




Q 


^DGCGGCDGG ■ 


UGCC3COGGG 


GCOGGGOGDC 1 QDODGODGCO 


aOCPGCGCGC 


GGCGGOCCDO 
CGGGCGCCDG 


CGGGGCCDCa 


CGGGCGacSG 










GOGCpG^GCG 




GGGGGGGGGC GDCCOGCaCD 


ocGDacccan 


GGCCGCGGCG 


CGGCGOGCCG 




o 


3> 








GGGGGGGGGC 


CCGOGCCGOO 


CGCwDGGCDO 


GGCaCQQCOG 


GCCCECECCg 
GGCCGGGGca 


GGCCGCGGCG 




o 






"-Cj^CCCCG 


GGGGCCGGGG 


cooocccacc 


CCCOODODCD 


GGGCGCCCGD 


GGCCG ~GCCC 






a 








GGDDGGOCCD 


GGCOGGDGGIG 


COGCCCCCGG 


CCCCCGDOGG 














ZZiDC3COZ~e 


ocaoGocccc 


aocGcacaoc 


CCCGCDGCDD 


DGCGCGGGGO 










GOQGQCDCOC 


:.CC:=C3C=D 


GCCDCGOCOG 


ODDOCDODCD 


ODDGGGCOOD 


GDCCCOOCGO 


acGDCcGooa 


-GDOGGCCGC 






o 


CQCGGCOGDC 


iCGDCDCGOG 


-'GGCOCGGGO 


CGCCDDGGGC 


CODODCGGOC 


CGDCCCCODO 


OGCGOCGCOQ 


GGGGDGGGGG 








o 






GCCGCGCGGC 


DGDGCGGCOC 


ODGCCDODGG 


GGCCCGGDGC 
GGDGnCDDca 


CCGGCCCCQG 
DDCGCCDCDG 










CGGXGGGCQGC 


CCDCOSGDCC 


GGGGGCGGGG 


GGDGCODCGG 


DGGGGGCCDa 


jGCCGGCCCC 






F«v 








GGGGCGGCGD 


CCGCGGCGGC 


GGGGGGCCGD 


GCGGGGDQ—G 


CCCGCCGGCG 












CGOCGGGGGC 


naccnGGGGn 


CCCGCGCGDG 


OCDDGDDDGC 


::::::-:.:.: 


DCCCCGOCCC 


GGCGGCDCGn 












CDCCOC3CGG 


\:gccggqcgg 




OCCGOCCODC 


CCGGSGGGCC 


CCGGGGCCGG 






o 




a 


CCQCCCGGGG 


CGCwCr-CC^DG 


GGGDGGCGDG 


CGCGGGCCCC 


2CC0CSCQOC 


Q3GC3CGC3C 


GaCGDGGCGC 


"iCCGCGGCCC 








gcoqcgcccg 


oao3D;c:cc 


GGCGGGGCGG 


DGGGCGGGCG 


DGDQGGCOOC 


OCGDGCaCCC 


CGGGGQOOCC 


GGGGGi: .GCC 






a 


DDDQdCDQCC 


CCODS-OCIOE 


GODGQaGGDG 


GGGDDCD==G 


GOGCGGD"CD 


DOOCOCGDCG 


CDacGGOCCQ 


GGCGGGGGGG 




o 




a 


GCCCCCDOC3 






GGCGCCGGCC 


CCDOCCCOQD 


GDCGGCGDGC 


GGGGGGGGGC 










ODnOOGGGCO 


Kxcccaap 


UG^cz^conc: 




CCCGCGCCDD 


CCGOnCGGGD 


GCGGGGDCCC 








■O 




CDcaGOGCcc; 


C'GuuWu t-' i— w G 


GGGGGGGGGC 


GGCCgCGGCG 


GCGCDGCGGD 


CdDGCCOGGG 


GDGCGCGGCC 


cccacccccc 








OCCOCQCSCC 




DGGGGGGGGG 






CGCCGGCCCG 


□CCGGOCGCG 


GGGCCGGCCC 










COOCCaCGGC 


GCCGCGOGGD 


GGGGGCGGGG 


GGGGGCGGGG 


□CCCCCCGCC 


CGGGGGCoOD 


CCCCGQCGGC 


C^GGG n DGGG 




o 




a 


ccaccccGco 




GGGGGGGGGC 


nCGCCCCCCC 


CDGGDCGGGQ 


GGCGGCCCGO 


CGGCCC3CGD 


CGCGCCGCCC 






cocDDGoaon 


accacocDcc 


CGCGCCCGGC 


GCGGGCOGDG 


DODDQDCGGG 


GCGCGGGCDC 


GCCDGGGGOO 


GGCCDGCDOG 






o 


GCQCGCGCQO 


C"CCDOaOGC 


GGGCOOGGGC 


GGCGGGGGGG 


GGOCDDCGaa 


GDCCCCDDCG 


GQGGOCCGOG 


GcoooaGcao 








a 


GGG'GQGOGGC 




OGGCGCGQCD 




GCGGDCGCOD 




GCGCCCCCCD 


OGCDGCDOGC 




o 




DGCGGCOGCG 




CCOOCCCGCC 






GGGGGGGCaC 


GGGGGCGGGO 


CCCCCGGGGG 




«1 




CCCGGJGGCGO 




CGGCCGGQGG 




CGGCaGCGCD 


GGGGGGGCGG 


CCCCGGDCDO 


G3CCGGC3CC 








DCDCGGGGGG 




CCGDCQGGGG 


GCGGCCCGGG 


OCOGCCGGCG 


GGCCCGGCGC 


GCGCGCCCCC 


GCCCGOGCGC 














COGDCGGQca 


CCCCCGGGGG 


GCCGGGGGOG 




GGCCCQCCCC 


CGGGGOGGGD 




o 




Pv 


dcggcgcoco 


GGGCGGGGGIC 


GQDDGGDOCD 


GGCGGGGGGG 


□CGcaacDGC 


CGGGOGCCGC 


GGCGGCGCCD 










a 


QGGGQC^DDG 


oo:DC3ac3c 


OCaCCGGGDQ 


GGGGGGGGGC 


GGCGCCDGOG 


GDCGCGCGDC 


GGrCDOCCCC 


CDCCCGCCDO 


o 




o 


aoDccaooCD 


DDCOOGGGCC 


CCGCCGCDGG 


CDCGCCGCCa 


^uuUwUDGuu 


GGCOCDGDGD 


GGDGDOCGGO 


C-CCCCCGCC 






Q 


OCCDDCCDX 


GGGDOQDCGC 




DGCGCGCGGD 




OCCGCDCCCQ 


GCGCGCCCGG 






~. 






CDGGCGOaGD 


CCGGCGGOC2 


GGGGGGGGGC 


OECGGGGGGD 


CGCGCCCGGG 


GGGQCOQGCG 


CCGCCGCPGG 






■* 




OCJGGGGGGDO 


G" Z. . "LC 




OCDGCCGGGC 


CCGCDCGGGC 


OGGOGGDDGC 


GCGGGGDCCC 




— 




GCGGDDDGDC 


GDCGCDCOCG 


CCCGGGGGDG 


CGGCGCG03C 


CGCGGGGGZD 


OCGGGGDGGD 


GCCDDCCDCD 


"^u"DC^C^^ 








DGjCGCZCGCOO 


CGCGCaOGDD 




GCCGGGGGDC 


GGGCCGGCCa 


CGCGGOGGGC 


CGGCCaaOGG 




o 




a 


DOGCCCOGGO 


cccgcducco 


CCGGGGGGGG 


GGGOGGGCCG 


GCGGCCCGGG 


GDGOCDGCCC 


GGGGCDGaGD 


GGCCCCCCCC 








CODCDGQOCO 


ocaacoccoo 


GGDGGGGGCIG 


GDDOGGGGGG 


CCDCDODCGG 


GGCGGGQCGC 


ODGGDaOCGC 


GGCCCGGCGC 








o 


CDCCDDOODC 


GCDDDDCDOC 


C3DDOCDCGDO 


acaoocGCGQ 


GOOCGOCGGD 


GGGGGGGCGG 


GGDGCGGGDD 


CGGGCaOCDC 








Q 


OnOGOGCGCG 


DGGGCDCGGC 


0CG30CCD00 


GOCCDCGGGG 


GOCGGDCOGD 




G~ _ ."- ~ Z~ 










anonoDDOoo 




DGOCOGGDQD 


GGGDGCCQCC 


GCGOQDCGGO 


CGwGDGGCGQ 


GGOGGCCGGG 








n 




DDDCDGCCDU 


2Qogo.cpc.oo 


OCCOCDDDOO 


CGOGCGGCCC 






DCCCOQOQCO 






o 






DGPC CGOCDD 


aCGDOGGDDD 


OOCCCCGGGO 


GGGGGGGGGC 


T.~.f'.'z~' ' 


GGCPOCG'GCa 












DDDDCGGDDD 


EOCCOGCODC 


oc^ccaocao 


CGCCCGGCDD 


CCGDOCDCDO 


CCCCOGCGGG 


GOGGQQDCaD 


GGGGGGGGGC 




o 




DCCCwDCDDS 


GGCGCCDGDD 


DGGQGCDCGa 


GGDCGCGCGG 


GGCGGCGCCO 


'" _ C . ' 


CGDDCCGDCO 










CaaDCwDQDO 


'.DuCGGCaCC 


OCOCCGOOGG 


CDOaDODDDO 


OOOGCDCGGG 


GCGODQCCGO 


GGCDGOGGCG 


CCCGCGCDCG 


o 




8 


DOGDODODOC 


GCDDCUGDDC 


CCCGOCCCGC 


ODCCDOCCDG 


GGCGGGGGGG 


GGGGGGGGGC 


OGOOPGCGGG 


GCGCGCCCCC 










QtlCC™ZZCZOG 


CCGCDCCCEQ 


CDCCCDGQQQ 






DGGGCCCGGO 


GCGGGGCCGC 










acacGoccCG 






CGCCGCODOD 








GGGGGGGGGC 






<N 




GOCDCDOCCD 


D G C G C C G C' G G3 


GGQCGDGCGC 


ocacacoGCG 


"2 — CGGc'c'c'cc' 


" r " z cr l _ - _" 


CGCGGGGGCG 


GGGCQCGCOC 




o 






GDDGCCGCCG 


G .^ -^ ^, LJ G G G G C 


CGCGGCGGGG 


nCGGGGGCDG 


^GCGGG^GCS 


GGGGGGGGGC 


GGCGGCDGGC 


GGCCCCGCCG 








a 


DCaCDDGCuG 


GG-GG G;'3C1jG 


'-CDCC^ICCGC 


GCGCCGCGGO 


CGGCC C^G^G 


GGCGGGGGGG 


GGGGGGGCGG 


GGGGCGGGCa 




o 




GDGGGGCCGO 




CGGCCGCCCC 


CCGQCCDCQC 






CCCGCGCCGD 


GGGCGGCCGG 








GGOCDGDDCC 


aaGGCGOGCC 


QGaCOOCCDC 


□CDGDGDDGG 


-GCGGGGCGC 


GCGGGCCOGC 


GGGOOCOODO 


CCCCDCGCOa 






o 


GCDGGGODDD 


aoccGioooco 


CCGCGGGGCD 


GCC' G-C — 


CGCCGGGGDa 


COGGCCGCCG 


CCCCCCDOnO 


GCCCCDQCDG 








Q 


GGuGGGCDGG 


CQOGCCODCC 


GCCGCQODCO 


CGCGCCGCCC 


GGCCCCCCCC 


CGOGOCOCGa 


COGCOGCDED 


COQCOCGCQC 




o 






DGGGOGCCGG 




GCCCDOGDGO 


GGGGGGGGGC 


CCCCCCGOCC 


GCODDCCCCG 


CGGGCGDGGG 


CGGCGCCaCD 










GCCDGCCGGC 


GCGCGCODG3 


GCGGGCCaOD 


CGCGCGGCCC 


OOCGCCGGGC 


h. — *' w CC CGGGu 


CGCCCCGGca 


CGGGCCDCGC 




o 






GGGCGGGCCC 


ODCCGGGGGC 


GDDCCDCGGC 


GGGGGGCGCQ 


GGCGGGCGCC 


GCCCCCGGCG 


GCCGCCGGDG 


CGGGOCCCCO 










GOCC1CGGDGC 


GCDODDCGCC 


GCODGOCGGO 


□CGCGGCCCG 


GDCCCCCCGG 


CaOGGCODGG 


GGCGCGGGGO 


CGGaaacoac 




o 




CCGDCGLCDO 


GGQCDGCDGO 


CCCGOOOQOD 


□CCGGCCGCG 


OGCCCGGaOG 


GCGGcaaocc 


GDCCCCCCDG 


Dcoacccccc 








□CaaODDGDG 


DQDGaCCGQa 


caoDaDoaoo 


GGGGGDGCGD 


ccccoaconc 


GoocaoaoGo 


COGOCCGGOa 


OQOODODCOD 


o 




O 


GGCGGcacan 


GCCGGCGGOD 


GC^GGGGG-G 


GGCCGCCGGC 


GDCGDGCCGG 


GOCGCCGOaO 


CaCGCCCGGO 


CGODGOCDGG 








Q 


DC^CGCCGCQ 

GnGDGGCGOG 


"20QCOCO.CCC 


jGCGGGCCCG 


GCCGGGCCCC 


GCCCGGGCGC 


GOCOGGGGCC 




CGCGGGGGCG 




o 






CCGGCGGDC2 


GCCDGGCGDD 


GGGCGCGCED 


CCGCCGGCCO 


GDCCGCCGCQ 


GGCCGGCG^G 


CCCDCOGCCO 






o 




GGCGQaCGDG 


. . _ _ - . », L- 


GGCDGOGGCD 


GGCCCCCCCC 




GDCGCGGQOG 




GGCOGGCCCO 




o 






OGCGGGCCDC 

ogggddcgcc 
cl-ccccggSo 


GQCGGCGDOC 


GCCDUwUj^iG 


GGCCGCGGCG 


GCEGCCCGC^ 


GGDGCCCOCa 


GwCwuwLPl>Q 


GGCOGGCGGO 




o 




p-v 


_^ _^ i_J l„ jLwwUw 


DGDGCGGCaG 


aQCGDCOGCC 


CDCGDCGGCG 


CDcaaooccG 


GGGGGGGCGG 


DCCCCGCDCO 






Q 


Uu/OjGuwuOC 


CGDDDCGCDG 


aDCCGDOCCG 


GDGGDCCGDD 


GGGCOCOCGQ 


GOGGCOGCOD 


CCQGCCOaGO 








OGODGDDDQC 


- :cc:_ 


GCDD0D0CCO 


DGGGDOGCCG 


DCCGGGOGCO 


GCGOOCGCCC 


caooaGcaao 


tttt 

-tnn — 


HEX 1 

DIGITS 

2 


8 ■ £ 


£ £ 


s • s 


8 ■ ■ £ 


o » 


* ac 


o o> 


O . . » 
ac ac 


o 


- 


!N 


n 


■w 


*% 


•o 


fs. 


2 £ 


to 


o 


^ 


o 


^_ 


o 


„ 


o 






< — 
z g 




o 
o 


o 
o 


o 


o 


o 


o 


— 


- 






CD 


o 


o 


o 


o 


o 


o 


o 


o 
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BINARY 
DIGITS 



8 7 6 5 



10 






B' H BIT IS SET 



HEX! 
DIGITS 
? 



RO 



R° 



o;-- do 



naooouDP 
uuaprjuui.i 
■> ■- ■ ' 

unuunapn 

UUDOUPOO 

nunopppa 
nnrjcDDDn 
ouuooooo 
nuonnnon 
.inpnnnno 



'.man 

.II1UU 

•inon 



! I vol r<, 



D7 



DO 



oooounoa 

oauuoi'ina 

OllLlOOUUD 

Duuoonao 
oaanonoD 
anaoonoD 
aoaoDoon 
anpoappp 
ouououou 
acuinnonn 



"ino 



L. 



:i_ — :: 



m 



RO 



R0 



R9 



npouL'P'jfi 
rjnui)ui;no 
nonanpun 
riijuuunoa 

pnoriD'jpu 



ooaaoonD 
uououncn 

f!l"JDPPn]PP 

uuaunnou 

ariunurjun 

OODPDCIOP 
OODOUUOO 

UOUUI-G'jO 
UQDODrjntJ 



D7 DO 



anoooaou 
oopoaaon 
oouoaODu 

DUOOOOPO 
ODDtJDUUO 

nnoDDUDa 

ODIIOUULID 

uaoonunn 
ntiai'iurjuti 
nnnrjnnnu 

pooupppo 
uoLiounnri 

pnuppupij 



pprrjnpii 
innnn'ii pi 
nni luuuo 



popi 
poop 

POfir 



D7 DO 



oonoaooti 
ooonnaotj 
otjooouoa 

OIlDOOOfJU 

oorjooooo 
ononnntjo 
oooauDoo 

r,| I -'nil 

pciunuooo 
nppnnami 

nr.ippoonr) 
ppunnpop 
onpnuoiio 
pnn< i' inoo 

UUPOPUPP 

nni innnpo 
pnuprjooo 
nriniKJouu 

i ioui F'HDn 

tmnppnaa 
lion ippun 
uiiiiOiinr.il] 



nrnjii 

nt ion 
.-. 



□annoDoo 

tKiorjutjoo 
aououfjoa 
puuaoauu 
onnooono 
ounauiion 
; ■ 'ir-. 1. 1 
tlDOOIOUO 
ouociooou 



Kiauunoi 
"i I no'icnnnt 
,ti i i.iniiDiVii'.'ir 
' q J nriiinnoui 

"in I aiibnnnni 
-'.'j ij!]rtr>i.n.)iii 



finnn 
fool] 
nrina 



D7 



DO 



OOODOOOD 

oonaunoo 

□OCJDCJOOU 

oonDCioon 
ouucn moo 
pnnmippp 
oopnouan 
oaoociooo 

OPUOOODO 

nuonocum 



puonr 

tlUCI.i'' 

untipr 



jun 



aunii'i' 
nnnun 

tll-UJFJG 



pnnnnapo 
ppnnnpon 
pppoaisuu 

UI-IDPODOl.t 

ppoupupp 
ma 



D7 



00 



ODonouoo 

OOOOUOOD 

oouuuaDD 

□ nijuuuDO 
oriitanuon 

DUUDDDDO 

ODDDOIJUO 
OUOOOUOO 

uoaopoan 
unaot.ooo 



onrjonnni 
nuouoLhji 
nnoDonni 
unoauLim 



iiaunuc. 

ppnnur: 
uurjui'L 



ppnuoeitiu 

pijuuportu 
mi ipi'ijprn 



.MV..V 

"'■ 



''Hi 



u iptis ion I 
inocmni) 1 • 



i tni innnon \ oni 
iiii'irjnritjij j o'Ji 



07 



DO 



ntjoaouuo 
oaprjnppu 

DUUOUD0U 

nLionnnnri 
uuutinnurj 

DDOtlDUOU 
DDQUOPOO 

ooooonoo 
aunriDfiCD 
onuononn 







D7 DO 



ouciupaup 
ounouaun 
aonpnprjt) 
ounnnmjo 
ananuonu 
npponnpu 
iKiuuuunu 
noopuiinp 
ounani-'nu 
nnniinoun 



l tin 



noon 
ouuti 

111 Hill 



nnpnpi'iriD 
nonnoonp 
Dfir.iopu'm 



inniippnu 
jT.i'i'Hjijn 
Tinnppnn 



HlllinULUI'.l 
PPpnOPOP 

rjnpnptmp 



D7 



DO 



naiiiinoou 
[louaanuu 
nnuuonoo 
uqoununo 
ciijonaiitiu 
UlJOOPOnp 
L" 'LIOOUUD 

auoocmon 

auouijoati 
Ciunr jdCirjc 

riouurinuo 
oounuijua 
Dnti(ini.]fji, 



ni; 



ii in 



nrji'ijur] 

u.ionui j 

DOIJIllllJl 

[iiiiiiii'iiJ 1 



D7- 



DO 



ODHiitltlOn 

DUOiJtiunu 
uuunrjijii[) 

UULHIIH'IIO 
COU'iUUOl] 

Ofjnati'iiKi 

IHlLKKHIfll] 
OGDyilUOd 

uuuuu'iun 



;an 



D7 



DO 



CIIIOLHJ' 



tinilLIU"! 
_ I 1PI H V ■ H 



07 DO 



ouumioiHi 
Dunufiiiii-] 
onrD(!ir"t: 

ri'n'Oijrjun 



DuLK.irj!!:!'.. 

DPi'iaL'i.uu: 
rii'r'iriv.'L 



osii'urjUL'U 
nt ri j _nun 

r<l -vjofion 

r^H.'-.-'Oi.HII I 
Ijl' IOCIjOU 
I'll^UUlKIC 

tin os 



iIJUJIILMlt) "Dl 



1 jor 



an 



ouuooc;'!] 
orjcnuri.Tj 
aoonuunn 
CJOODorjrjii 

DDDDOOtla 
DDDODDOa 

ODDtroann 

DOOODCJUD 

uoaoouQC 



nna 



oi 



UOi 

nni 

iUdd 
oonaooun 

DPaoouoij 

DDDDOOCJP 

ooQonaan 
piuoaauop 



oopijonno 
nouDonoo 
nimuDiiUO 
otioaonao 

uuiionooa 

_ " 'JCiOOOO 

■ononu 

I l r to 

nannun 

JPOOOP 



uuc 



nnDPi'jopo 
Dpooorrao 
tiooDiiacii) 

ijuconiiiiii 
uonniippD 

POII'iLHJPPn 

■jnncaiio 

K'uprina 



ani' 
nuii 



nrifJL 



;:i'iir,iuorjn 
rititirmciDEi 
aopijuoon 
onouaciDo 
cianpuocio 
onnoanuo 
qdoppdou 
naooooou 
UDDnonoo 
ooppoGOn 



OOOPODOO 

oooontiou 
uaouunou 

ODOUODUD 

rjQOODc.inG 
aoopoppp 

DPOOOODD 

uanooooa 

DDOurjooo 
(joopanoo 



uni.ii.nuur 



ill IVKHIUPP 

ni.ii'.pof <■ ' ' 
[juuiti..iin;j 

UIIQUOIHIP 

nupiTOOun 
orjijonoun 
niiouuopp 

PQntMOOO 
Diinaaauo 

DrillDPODO 

niMnapoa 
nupuoooa 
notroooao 

PDOPGPOn 



LILJ 



DllJUUClPi.) 

ooatipaua 

IJUDnulKV 

aotiQPtinn 

UU'JUUDPO 

ijaouunut) 

UOODUODU 

uoacoDou 
oaooDooo 

OD'.iiinriorj 



ion 



IOU-, 



no i 



innaijuao 
nouoaann 
arjpnuuoo 



D7 



DO 



iiopouaao 

UPPDLIUOD 

npuriuunn 

LIUI1IBODI1 
DPiiaODDU 

upaLiPtjon 
nouiiuci'p 
uurrauaau 

ODOI 3DOI 



"ion 



nuuu 
Lipni: 

DDOL' 



inijrMJI 

3lii.ic.,u: 
loiHini 



D7 DO 



nDDUunni) 

POPO'J'JUQ 

oiinnunno 

OPLHIUDIIK! 
IJOUUIJUCD 

HnpnouoL' 

UJPOUIJUO 

onijuuDiiu 
opiiuoiiui) 



oooowion 



D7 



DO 



DO 



oLiriiuur 



JD7 

pi:n-u;r uv, 1 



p^f-.-J 


a no 


:;ono 


DOO 


neon 


n:""H 


G'JDH 


3c?n 



ouciupcrjo 

ClI-IDUOPfiP 
orinprjrjop 
un(iur;nri(i 
iniir:i.inni.iu 
nuopopnn 
cinnopoup 
(junnnoap 
otitJonunD 
nnpnnpor"' 

DuniiMnno 

lipiJLILTlCKi 

uoPDiiUurj 

CUUUIiUOQ 



our. 
coi; 

DP II 



TCP 
JIJO 

JO CI 



noonpaon 



— -- 



pnrji.ionn 
opnouiic 
nnnnrnn 



ac;jiJ r i'jco 

PPDODOCQ 

ir.-njDnnn 



+ RKVEf?SE VIDEO VERSIONS OF GRAPHICS CHARACTERS 
• ♦REVERSE VIDEO VERSIONS OF ASCII CHARACTERS 
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14.318 
MHZ 
OSC 



H SYNC 
CIRCUITRY 



ADDRESS 
BUS 



DATA 
BUS 



V SYNC 
CIRCUITRY 



I 



MEMORY 

ADDRESS 

MULTIPLEXER 



2K X 8 

MEMORY 

ARRAY 



MONITOR 

ROM 
CIRCUIT 



VIDEO 
COMBINER 



I 



SHIFT 
REGISTER 



I 



CHARACTER 
GENERATOR 



I 



LATCH 



KEYBOARD 
INPUT 
PORT 



VIDEO 
OUTPUTS 



•0X24 VIDEO DISPLAY MODULE BLOCK DIAGRAM 



Rev i si'. 
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I , EZ1 

I Cl 1 t a 



M Ul IB UJ 

I _ _ m Yl Kit „ „ _ ,_ ,. 



1M 



US US U7 



US 



U81 

U2S 
01 



A»C3 



J 1 



D 



T~T 



D 



a 



B 



CS CT I 

• • • • I 

12 3 4 J 



CIO 



ct , , cu 



cia 



uu 



C 

u ^ 
u 



2Z UIZ 



UI3 U11- 



uw u' 7 _ uu uu ci? un uai 



m 



C20 






PCD#3846 



caa. 



cai C2J 

U2C U27 U2t/ 

urn 



I** 

»5» 







at 



us* 



J- 

!« 

4* 

a* 



2» v 



uw ma 



12 12 



u» _y2t_M u2* u» 






mi 



U42 



H 



u«i 



ar 



U« 



J^ 



mi 



CIS 



U23 



> 2 3 

7 Tu3«p 
H ••• l 
• • i 

1 2 I 



a* 



Jl 



-J 



\m urn 

C3I 




C2*' 



_l 



SILK SCREEN 

80X24 DISPLAY BOARD 

VECTOR GRAPHIC 
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PAGE 1 



;:!;, 
.mo 

)LlUO 

:MQ 
31)00 
JUOO 
li.MO 

oooo. 
oooo 
ofiua 
ji;oo 

OOOO 

dooo 

1)000 

ixiua 

iHlllO 
lluliO 

ii mo 
odd a 

000 
OIJUO 

onoo 

OOOO 
DOOO 
OOOO 
OOOO 
0000 

oooo 
oooo 

00(10 
0000 
DOOO 

oooo 

QOtlQ 
01 100 

oooo 
ouno 

0000 

oooa 
oooo 

00(10 

oooo 
ouoo 
Oi too 
oooo 

01)00 

aooo 

1)1.00 

aooo 

ROHO 
EOOO 
E001 
fcortft 

htMW 

tooc 



EOOO 
KOOO 



BASE 
PR 



BQtl 



OEOOOI 
OKOOOil 



(ASSEMBLY ADDRESS 
(PHCW/RAM ADDRESS 



OOOO 
000! 
0040 

oooo 

FHTO 
EOOO 
E802 
K80C 
FK 10 



cn^>eo 
a ice i 

CMIEI 
CUIUS! 
CJ2KHI 



LINX 'M6' 

* ••.*******.* aa * aa *a a i a a aaa aaa,a aa aaaaaa*aa,*a,*******at l 

* 1 

* VBCTQK MZ ICNITOR - VERSION 4.2 ' 

* R. S. HARP 7/16/79 MODIFIED 6/1/80 * 

* • 
iiiliititimiiiitattiiitiiititiiitiiiiiatxiiitili) 



". / 



• system equates 

cons bqu 

CDNO BQU 

KUA flQU 

STKH, UQU 

spi'n bqu 

dsitjot tQu 

itsiour toil 

FUXW EQU 

D1IUSY SOU 




1 

4m 
o 

PBlOlFDOll 

0E800H 

0E8O2II 

0E80OI 

OFFlOII 



(CONS STATUS PRT " 
(CONS DATA PORT 
I RECEIVE FLAG 
I STATUS POLARITY 
(STACK POINTER 
(DUALSTQR BOOTSTRAP 
;MEGASTOR BOOTSTRAP 
(FLOPPY BOOTSTRAP 
lCO«I'HDU£R BUSY 



Kioitotiaitiil COMMAND FOIMAT »«*«*•«*«•»•*«• 

* A SSSS FFFF ASCXf DUMP OF MfMORY 

* B JUMP TO BOOTSTRAP LOADER 

* C SSSS FFFF CCOC OXPARE BLOCKS 

* SSSS FFFF DUMP MEMORY IN HEX fc ASQ I 

* E EXTEItiAL OOMHUNICATICNS 

* P SSSS PPPF DO DO TVO BYTE SEARCH 

* G SSSS 00 TO AND EXECUTE 

* H JUMP TO IIIOI RAM AT FCOO 

* I PP INPUT FROM TOW 

* J JUMP TO DOS 
' K UiL SET A BREAKFOINr 

* I. JUMP TO UM RAM AT * 

* M SSSS FFFF DOOD HOVE BLOCK * 

* n nqh DesrrtxrrivE hemiry test • 

* o pe do am>ur to tort « 

* P llXi. PfttGRAM MFMDRV • 

* Q SSSS FFFF COMPUTE CI1BCKSUH • 

* R DUMP 2-80 RBGISTEKS » 
« S SSSS FFFF DO SEARCH FOR SINGLE BYTE * 
» T SSSS FFFF TEST HOOK* •■ 

* U JUMP TO USER AREA AT 2O00 » 
' V BOOT FROM 8 INCH DISK » 

* W BOOT WINCHESTER DISK » 

* X SSSS FFFF DOUO EXCHANGE BLOCK * 

* If KEYBOARD ECHO » 

* Z SSSS FFFF DO SU-flO OR FIU, MIMiRY * 
■•■•aaiataaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 



an hase 

* .JUMP TAII£ OF ENTRY flQlWIS 

MW1T JMP INIT 

KfcYI-Sr JHP KEYSTAT 

kkydata .imp astumv 

CUt JMP VIDEO 

ESC JKP KiCAPE 



(INITIALIZE AI.L 
,TEST KEYBOARD 
(INPW KEYBOARD 
(OUTPUT TO SCREEN 
(KEYBOARD INPUr 



PAT.E 2 



EOOP 


• 








EOOF 


* TABLE OF COMMANDS FOR USAHT 




EOOP 00000040 


INITAlXE 


DO 


0,0,0, 4011 ,0CE1I 


2711 


E0I3 CE27 










EOIS 


« 








E0I5 3ID0FF 


INIT " 


LXI 


SP.SPTR 


(INIT STACK 


E0I8 CB2FE1 




CALL 


ESCAPE 


(DUMP LATCH 


EOIB AF 




XRA 


A 




EOIC 32EAFF 




STA 


XYFIAG 




BOIP 3210PF 




STA 


DOUSY 


(CLEAR CDOTROf XFM F 


E022 


* INITIALIZE USARTS AT PORTS 3,5,7 




E022 0E03 




MVI 


C,3 


(SfARTING TORT 


E024 0606 


INILOOP 


MVI 


R,6 


(MO OF COMMANDS 


E026 2IQFE0 




IXI 


H.INITABLE 




E029 HM3 




CWIR 




iblock avpw 


E02B ac 




INR 


C 




E02C OC 




INR 


C 




E02D 79 




MDV 


A,C 




E02E FE09 




CPI 


9 


|D0 3 »RTS 


E030 20F2 




JRHZ 


iniloop 




E032 


» PATCH RST 7 








E032 3HC3 




MVI 


A.0C3II 


(JJMP 


E034 323800 




STA 


38H 


(RST 7 


E037 21C8E6 




LXI 


H.DIMPRB3S 




E03A 223900 




SIILO 


3911 




EQ3D 


* DISPLAJ SIGN CH 






E03D CBCFE4 




CALL 


SIGN 




E040 


• CLEAR BREAKPOINT 






E040 2AE7FF 


CLRBRK 


LHLO 


BKPTLOC 




E043 11E9FP 




LXI . 


D,BRKCDOE 




E046 ED53E7PF 




SOED 


BKPTLCC 




E04A 1A 




LDAX 


D 




E04B 77 




MOV 


M,A 




E04C 3ID0FF 


START 


LXI 


SP.SPTR 


(INITLAIJZB STACK 


E04P 2100P0 




LXI 


H.PAGE 


(FULL SCREEN SCHDU 


E052 22DFFF 




SflLD 


TOSCH 




E055 CO20E5 




CALL 


PROMPT 




E0S8 CD2PEI 


KEY POL 


CALL 


ESCAPE 


(READ KEYIWAI81 


EOSD 3«F8 




JRZ 


KEY POL 




EQ50 E65F 




ANI 


Ml 


(UPraR AND irHKR 


E05F 214CEO 




LXI 


ll,START 




EQ62 E5 




PUSH 


II 




E063 FE04 




CPI 


•D'-64 




E065 CC7BE3 




cz 


VTDEO 


i bq io cuiARnm 


E068 FE41 




CPI 


'A' 




E06A D8 




RC 




(TOO SMALL 


E06B FE5B 




CPI 


05(11 




E06O DO 




RNC 




(TOO TAIGE 


E06E 2IF9EO 




LXI 


H,CMm"B»7EII 




E07I F5 




PUSH 


PSW 




E072 87 




ADO 


A 




E073 85 




ADD 


L 




E074 6P 




MOV 


L,A 




E07S W 




MOV 


E,M 




E076 23 




INX 


II 




E077 56 




MTV 


D,M 




E078 Efl 




XQK3 







PJCE 3 



F.079 
K07A 
EU7B 
K07B 

Tip 

f:07f 
rm\ 

W1HS 
E0H7 
E0B9 
E080 
E080 
EOflF 
E091 
E09J 
E04S 
E097 
E099 
K09B 
E09I1 
E04F 
F.0A1 
E0A3 
EOA r . 
EOA7 
EOA9 
EOAB 
EOAD 
EllAF 
EOAF 
EOAF 
EOAF 
E(1I12 
EOI16 
EOHO 
EOUII 
EOUC 
EOHO 

Eoan 
Eono 

EOHO 
EODF 
EOC2 
EOC5 
EOC7 
F.OCA 
EIICD 
EOCF 
EOHO 
F.01)l 
EOI12- 
EOD3 
EOIH 
F.0O5 
E0O6 
EOt» 



Fl 
E9 

34E5 

E2E2 
D8ES 

a*:7 

05E3 
AFKO 
56F.2 
53E3 
96EI 
U2K7 
62E2 
96E2 
BEE2 

esr.i 

0SF.6 
79F.I 

bce6 

12E3 
C1E1 
47E2 
OOE8 
02E8 
B7E2 

akei 

6EE2 



CDC4E4 

474F20S4 

4FA0 

cdhdeo 

ED 
E9 



0EO4 

2 1 0000 

CD2FEI 

FK20 

CAEHEO 

CIJKDEO 

38F3 

29 

29 

29 

29 

8S 

f>F 

OU 

C2C2E0 

HI 



POP 


rew 


rati. 




* COMMAND T/^DLE 




cmdtd dw 


VftSCII 


nw 


FUOCT 


DW 


OCMPR 


DW 


HEXRUL 


nw 


EXTCOM 


DW 


FIND 


DW 


EXEC 


nw 


RAH 


DW 


PINPT 


DW 


W\RM 


DW 


SEfBRK 


DW 


LORAH 


DW 


MDVEB 


DW 


NH4T 


DW 


poarp 


DW 


PROGRAM 


DW 


OIKSM 


DW 


DREGS 


DW 


snoi 


DW 


TMEM 


DW 


USER 


DW 


DSDOCT 


DW 


Msaxrr 


DW 


EXaiG 


DW 


echo 


DW 

* 


ZEHDM 


**• execute tiie program at the ; 

* 


EXEC CALL 


PTSTNG 


DTH 


■CO TO 


CALL 


AH EX 


xac 




PCHL 





;AWAY WE CO 



- V e 



tS'OQ 



»*» CONVERr UP TO 4 HEX DIGITS TO DIN 



AH EX 
AIIEO 
AIIE1 



MVI 


C.4 


LXI 


11,0 


CALL 


ESCAPE 


CPI 


• i 


JZ 


SPCOVR 


CALL 


HEX 


JIC 


AIIEI 


DAD 


H 


DAD 


11 


DAD 


II 


DAD 


H 


ADO 


L 


MOV 


L,A 


DCR 


C 


JNZ 


AIIEI 


xaia 





;A 
;B 

;C 

)D 

;E 

IF 

iG 
ill 
il 
;J 

lK 
|L 

|H 

in 

;0 

iP 

iQ 

;R 

is 

IT 

lU 

lV — 

)W — 

;X 

lY 

lZ 



(READ ADD FHCH KB 
lJUMP TO IT 

ICOUNT OF 4 DIGITS 
1 16 BIT ZERO 

ISPACE? 

(CHECK VALUE 

jMULT II' 16 



|4 DIGITS? 
(KEEP READING 




EODA 3E20 


SPCE 


MVI 


A, 2011 


EODC C37BE3 


PTCN 


JMP 


VIDEO 


EODF 3E0D 


CRLF 


MVI 


A, OUI 


EOEI CDDCEO 




CALL 


ITCN 


E0E4 3E0A 




MVI 


A,0AJI 


B0E6 18F4 


** 


JR 


PTCN 


EOEI) 


* 






E0E8 CD7BE3 


stcovr 


CALL 


VIDEO 


EOEB 18EC 




JR 


SPCE-1 


EOED 


* 






EOED 


* aiECK FOR HEX VALUE, 


CONVERT 


EOED FE30 


HEX 


CPI 


3011 


EOBF DB 




RC 




EOFO FE3A 




' CPI 


•i' 


E0F2 3809 




JRC 


NUM 


E0F4 E65F 




AN I 


SFII 


E0F6 FE4I 




CPI 


■A' 


E0F8 D8 




RC 




E0F9 FE47 




CPI 


•G' 


EOFB 3F 




CMC 




EOFC D8 




RC 




EOFD CD7BE3 


NUM 


CALL 


VIDEO 


EIOO D630 




SUI 


48 


E102 FEOA 




CPI 


10 


E104 3802 




JRC 


ALFA 


El 06 D607 




SUI 


7 


E108 A7 


ALFA 


ANA 


A 


E109 C9 




RET 




E10A 


* 






E10A 


» RE/O 2 


DIGITS FROM THE CONSOt£ 


E10A 0E02 


AIIE2 


MVI 


C,2 


E10C 18BI 




JR 


AIIEO 


EIOE 


* 






EIOE 


* SHORT 


ROUTINE TO SAVE CODE 


EIOE CDDDEO 


TAHEX 


CALL 


AH EX 


El 11 18AA 




JR 


AH EX 


E1I3 


* 






El 13 


•»» READ 


FRCH CONSOLE TO REG A » 


B113 


* 






El 13 CD2FE1 


RDCN 


CALL 


ESCAPE 


El 16 28FB 




JRZ 


RDCN 


El 18 FE60 




CPI 


6011 


E11A 38C0 




JRC 


PTCN 


El 1C E65F 




AN I 


5FH 


El IE I8DC 




JR 


PTCN 


El 20 


* 






E120 CD2FE1 


PAUSE 


CALL 


ESCAPE 


El 23 FE20 




CPI 


2011 


El 25 CO 




RNZ 




El 26 CD2FEI 


ploop 


CALL 


ESCAPE 


EI29 FE20 




. CPI 


2011 


E120 C22CEI 




JNZ 


PLOCP 


EI2E C9 




RET 




EI2F 


» 






E12F C03CEI 


ESCAPE - 


CALL 


KEYSTAT 


El 32 C8 




RZ 




E133 CD41E1 




CALL 


CONVERT 



pat,r 4 
; print space 

jPRINT cn 



1<0 
1>9 

IllPPEP i. UVP.R CASE 
l<A 

l>F 



(ASCII BIAS 
jDIGIT 0-10 

jAIPHA BIAS 

; CLEAR CY 

; Willi CY CLEAR 



jREAD KEYDOAin 
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HI 36 FEIB 




CPI 


1BI 


1 ESCAPE 


:t]B CA4CE0 




JZ 


START 




rt > 10 C9 




ret 






EI3C 


* 








!;»3c moo 


KEYSTAT 


IN 


CONS 




SHE B640 




WI 


IOA 




BHOCT 




BET 






e:4l 


* 








£141 


* KEYBOARD OOOE CONVERSION 




£141 DBOI 


03WEKP 


IN 


CDNO 


(KEYBOARD DATA 


K143 E5 




PUSH 


H 




EI44 CS 




REM 


B 




fi»45 010500 




IXI 


B,TABLEND-KTA8L/2 


6148 21SOF.I 




LXI 


H.KTADL 




EI4B EUAI 


inop 


ca 




(COMPARE TABLE 


EI4D 2806 




JRZ 


FND 




E14F 23 




INX 


II 




E150 EA4BEI 




JPE 


LOOP 


(CDNT L00KIK3 


EI53 laoi 




JR 


NFND 




£155 7E 


FND. 


KN 


A,H 


(NEW COOK 


EI56 E67F 


NFND 


AN I 


7fll 


■ MASK DOW 


em ci 


- 


POP 


B 




E159 Et 




TOP 


H 




EISA C9 




RET 






EI5B 


* 








Kt^B 


* THIS TABLE CAN BE EXTENDED IF DESIRED 




EISI eiso 


KTAM, 


DO 


OElSai 


,| 


EtSO rise 




DO 


0F15HI » 


|[ 


EI5P AI7E 




DO 


0A17HI 


|- 


£161 BI5C 




DD 


0B15OI 


[• 


E163 6015 




DO 


06015(1 


(Cursor UP 


F.I65 EI65 - 


TABLEND 


EQU 


S 




EI65 




ORG 


KTABL+30 


IBDCM POR 15 a 


£179 


* 








E179 


* CHECKSUM ROUTINE 






E179 CDC4E4 


cuksm 


CALL 


PTSTMG 




EI7C 43484543 




DTH 


'CHECKSUM ' 




KIBQ 40S1554D 










E1B4 AO 










E185 cnofBi 




CALL 


TAilEX 




Eiaa 06oo 




HVI 


B,0 




EISA 7E 


aKSHij- 


TO 


A,H 




E18B 80 




ADD 


B 




mac 47 




MJV 


B,A 




E»00 CD3FE2 




CALL 


BMP 




E190 20F8 




JIWZ 


CUKSMLP 




EI92 78 




KN 


A,B 




B193 C32fiE2 




JHP 


pr2 




E196 


« 








EI96 


* WUW START 








EI96 


* 








EI96 a>C*E4 


mm 


CALL 


PtSWG 




E199 4AS14IW0 




Dill 


•JUMP TO DOS" 




EI9I) 2054 4F20 










R1AI 444FIJJ 










EU4 2IE704 




IX I 


II.04E7H 


(HXfi RESTART 


EIA7 7E 




KN 


A.M 
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El AS FEC3 


EIAA C20000 


E1AD E9 


EIAE 


EIAB 


EIAE COC4E4 


E1B1 4543484F 


E1B5 20404559 


EIB9 5JA0 


E1BD CD2FEI 


E1BE C4DCW) 


E1CI I0F8 


E1C3 


E1C3 


E1C3 


E1C3 CDC4E4 


EIC6 54455354 


EICA AO 


E1CB CO0EE1 


E1CE 015A5A 


EID1 CDFOEI 


B1D4 C5 


EID5 B5 


EID6 D5 


E1D7 CDFDE1 


EIDA 70 


ElDB CD3FE2 


E1DE C2D7E1 


E1EI Dl 


EIE2 El 


EIE3 CI 


E1E4 E5 


EIE5 D5 


EIE6 CDFDE1 


EIE9 7E 


E1RA B8 i 


B1EB C41DG2 


ElEB OD3FE2 


ElFI C2E6EI 


EIF4 Dl 


E1F5 El 


EIF6 3B2E 


E1F8 C07BE3 


E1FB I8D4 


ElFD 


EIFO CD20EI 


E200 79 


E20I E6D4 


E203 A7 


E204 EA08E2 


E207 37 


E208 79 


B209 17 


E20A 4F 


E20B 78 


E20C 17 


E20D 47 



CPI 
JNZ 

raiL 



0C3II 




* KEYBOARD ECHO ROUTINE 

EQIO ' CALL PTSTNG 



ECOIP 



OTII 



CALL 

CM 

JR 



•echo KEYS 



ESCAPE 

PTCN 

ECOLP 



**» MEMORY TEST ROUTINE »** 



1MEM 



CYCL 



TLOP 



nae 



CALL 
OTII 

CALL 

LXI 

CALL 

PUSH 

PUSH 

PUSH 

CALL 

H3V 

CALL 

Ml' 

POP 

POP 

POP 

PUSH 

PUSH 

CALL 

HJV 

CMP 

QMZ 

CALL 

JNZ 

POP 

POP 

MVI 

CALL 

JR 



PTSTNG 
"TEST " 

TAHEX 

B.5A5AII 

IWCH 

B 

H 

D 

IWDM 

H,B 

BMP 

TLOP 

D 

H 

B 

H 

D 

IWDM 

A,M 

B 

ERR 

BMP 

ROOT* 

D 

II 

A ' " 

VIDEO 

aa 



R4DH 



PEVE 



CALL 

M3V 

ANI 

ANA 

JPE 

STC 

KN 

RAL 

KN 

KN 

W, 

KN 



PAUSE 
A,B 
0B4II 
A 

rew 

A.C 

C,A 
A,B 

B,A 



ICP/M RESTART 
1MX3S WARM START 



lLOOK AT KEYPOAIW 
(PRINT IF KEYPRESS 
(CONTINUE L00PTN3 



(READ ADDIIESSES 
I INI n,c 

i keep aw. nrra 



iWltlTE IN HRM 

(REPEAT IflOP 

(RESTORE (TRIG 
(VALUES OF 



(CTN NEW SEO 
(READ MEM 
(COMP MEM 
(CALL ERROR RTN 



»•* WIS ROUTINE GENKRATES RANIXM NOS 



(LOOK AT B 
(MASK BITS 
(CI.EAR CY 
(JUMP IF EVEN 

(LOK AT C 
(ROTATE CTf IN 
(RESTORE C 
(LOCK AT U 
(ROTATE CY IN 
(RESNVW I» 



"20K C9 




REf 
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1 RETURN W NFH B,C 


.:20F 


* 








.•;20F 


*** ERROR PRINT CUT flOUTINE 




:-:JOF 


* 








>:20F ODDFEO 


FTAD 


CAU. 


CRLP 


iPRINT CR.LF 


K2I2 CD20EI 




CAU. 


PAUSE 




H2I5 7C 




TO 


A,H 


IPRJWT 


.: 2 1 6 CD26E2 




CAU. 


PT2 • 


>ASCII 


^2)9 7D 




MOV 


A,L 


ICOOES 


K21A C3ICE7 




JHP 


pr2s 


IFOR ADDI1ESS 


£210 


• 








F21D F5 


ERR 


push 


raw 


[SAVE AOC 


2 IE CDOFE2 




CAU. 


PTAD 


.•print ado. 


i.221 78 




KJV 


A,B 


J DATA 


l'222 CD1CE7 




CAU. 


PT2S 


IWMTTEM 


£225 Fl 




POP 


PSH 


(DATA READ 


62 26 F5 


PT2 


PUSH 


PSW 




K227 CD2PK2 




CAU. 


BINH 




£22A Fl 




POP 


PSW 




K22II 1804 




JR 


BINL 




K221) IF 


BIN1I 


RAJt 




•, -shift nrr 4 bits 


R22B IF 




RAH 






E22F IF 




RAJt 






E2J0 IF 




RAJ* 






K23I E60F 


BINL 


AN I 


0F1I 


lLOW 4 BITS 


F.233 C630 




AD I 


48 


IASCII BIAS 


E2J5 FE3A 




CPI 


58 


iDIGIT 0-9 


E237 DAOCE0 




JC 


PTCM 




E23A C807 




A0I 


7 


IDIGIT A-F 


E2JC C3DCE0 




JHF 


PTCN 




K23F 


* 








E23F 


* COMPARE ADDRESSES JWO 


I INCREMENT H 




E2 3F 7B 


BMP 


MOW 


A,E 




E240 55 




sua 


L 




F.24I 20O2 




Jao 


OWN 




E243 7A 




WW 


A,D 




E244 9C 




SUB 


H 




E245 23 


ODON 


I NX 


il 




E246 C9 




RET 






F.247 


* 








E247 


* JUMP TO USER RAM 






E247 CDC4E4 


USER 


CAU. 


PTSTOG 




E24A 55534552 




DTH 


'USER AREA' 




F.24E 20415245 










E252 CI 










E25 3 C3OO0I 




JKP 


010011 




E256 


* 








E256 


* JUMP TO 


RAH AT PR+1C00 




E256 CDC4K4 


ram 


CAU. 


PTSTNG 




E259 48492052 




DTH 


•lit RAH' 




E2SD 4 ICO 










E25F C300FC 




JMP 


PRHCOMI 




F.262" 


* 








E262 


' JUMP TO RAM AT 




, 


E2fi2 CUC4E4 


I/3HAH 


CAU. 


PTSTOG 




E265 4C4F2052 




ora 


•LO RAH' 




E269 4ICD 
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E26B C30000 




JHP 


a 




E26E 


t 








E26E 


* ZEIO OR Fill, MEMORY WITII A CONSTANT 




E26B OX4E4 


ZERCM 


CALL 


PTSTHB 




E27I 46494C4C 




mil 


'FILL ' 




E275 AO 










E276 CD0EE1 




CAU. 


TAIIEX 


;Wm AOM1ESSKS 


E279 E5 




PUSH 


II 


I SAVE H 


E27A CDOAEI 




CALL 


AIIE2 


jREAn 2 DIGITS 


E27D EB 




xa« 






E27E E3 




HI It. 




(RESTORE ll,L 


E27F CI 




POP 


B 




E280 71 


ZLOOP 


H3V 


M,C 


(WRITE INK) KRH 


E28I CD3FE2 




. CAU. 


0HP 


iCOMP AW», INCH II 


E284 C8 




RZ 




1 RETURN IF DaiE 


E28S tBF9 




JR 


ZLOOP 


tCONTIMJE TIL IWME 


E287 


• exauNGB 


OR MOVE A BLOCK OF ffiHIffl 




E287 47 


Exaw 


MOV 


B.A 




E288 CDC4E4 




CAM. 


PTSTM3 




E28B 45584348 




DTII 


' EXCHANGE ' 




E28F 414E4745 










E293 AO 










E294 1809 




JR 


mtvewfr 




E296 47 


MDVEB 


MOV 


B,A 


ISAVE OTOE 


E297 CDC4E4 




CALL 


PTSTI1G 




E29A 4D4F5645 




DTH 


'MOVE ' 




E29E AO 










E29F CD0EE1 


MDVENTR 


CALL 


taiiex 


(READ AOORESSES 


E2A2 E5 




PUSH 


II 




E2A3 CDBDEO 




CALL 


AIIEX 




E2A6 EB 




xam 






E2A7 E3 




nut. 




(BACK TO NOIWAL 


E2A8 4E 


MLOOP 


MOV 


C,M 




E2A9 E3 




xtiil 






E2AA 78 




MOV 


A,D 




E2AD FE4D 




CPI 


■M* 




E2AD 2804 




JRZ 


NEXQI 




E2AF 7E 




MOV 


A,H 




E2B0 E3 




xniL 






E2B1 77 




MOV 


M,A 




E2D2 E3 




XTHL 






E2B3 71 


NEXai 


KN 


M,C 




E2B4 23 




INX 


H 




E2BS E3 




XTtIL 






E2B6 CD3FE2 




CALL 


BMP 




E2I19 CA4CE0 




JZ 


START 




E2BC 18EA 




JR 


MUOOF 




E2BE 


» NCN DESTRUCTIVE MEMORY TEST 




E2BE CDC4E4 


Hrw 


CALL 


PTSING 




E2C1 4O454D20 




DTH 


'HEM CHECK' 




E2CS 43484543 










E2C9 CB 




. 






E2CA 210000 




LXI 


11,0 


JSTAOT AT ZERO 


E207 4B 


NDLOP 


MTV 


C»M 




F.2CE 06FF 




MVI 


B.OFFtl 




E2l» 70 


- 


MOV 


H,n 




E2DI 7E 




HW 


A,H 
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•'202 BB 




CMP 


B 




,-..'.m C21ME2 




Ml 


ERR1P 


(PRINT ERROR 


".me 0600 




HVI 


B,0 




B20R 70 




MOW 


M,B 




Kim 7E 




M3V 


A,M 




raw B8 




CMP 


B 




E21M C2IDE2 


ERIUP 


JK2 


ERR 




K'-'t« 7> 




HN 


M,C 




sjnp 23 




INX 


H 




K.'EO 1BEH 




JR 


NOLO? 




E2E2 


* COMPARE TOO BLOCKS OF MEMOTW 




E2E2 CDC4E4 


COHPR 


CALL 


PTSTNG 




E2E5 414F4D50 




IJTH 


'CCHPARE ' 




E2R9 4 15245A0 










E2M1 CDOEEI 




CALL 


TAHEC 




B2FQ E5 




PUSH 


H 




E2FI CDBDEO 




CALL 


AIIEX 




R2P4 m 




xa« 






e.2n 7e 


VMLOP 


KW 


A,H 




R2F6 23 




INX 


H 




E2F7 E3 




xthl 






E2F8 HE 




CMP 


M 




B2F9 46 




«1V 


B,M 




B2FA C4 IDE2 




CNZ 


ERR 




E2FD CD3FE2 




CALL 


BMP 




E300 E3 




XTHL 






£301 20F2 




jmz 


VWXP 




E303 ri 




KIP 


PSW 




F.304 C9 




RET 






E305 


* SEARCH TOR SPECIFIC 


CDOES 




£301 F5 


FIND 


PUGII 


PSH 




E306 COC4E4 




CALL 


ptstng 




EJ09 46494E44 




DTH 


*FIM>-2 ' 




E30D 203 2A0 










E3I0 1800 




JR 


SBCHENT 




EJI2 P5 


SHQI 


PUSH 


PSW 




E3I3 CDC4E4 




CALL 


PTSIK3 




E3I6 51454IS2 




DTH 


■SEARCH- 1 ' 


• 


E3IA 43482D3I 










E3IB AO 










E3IF CDOEEI 


SROIEMT 


CALL 


TAIIEX 




F.322 E5 




PUSH 


H 


jSAVE 11 


E323 CDOAEI 




CALL 


AIIE2 


iREAD 2 DIGITS 


E326 ES 




XCHG 




|IK30Ce,D-F 


E327 45 




my 


B,L 


jPOT CODE IN 8 


E328 EJ 




POP 


11 


(RESTORE H 


E329 Fl 




POP 


PSH 




E32A FE53 




CPI 


■S' 




EJ2C F5 




PUSH 


PSH 




E32D 2807 




JR2 


COOT 




E32F E5 




PUSH 


H 




E3J0 COOAEI 




CALL 


AIIE2 


IREAO 2 OIGITS 


E333"EB 




xaia 






F.334 4D 




KW 


C,L 


. 


El n El 




FOP 


fl 




E136 7E 


coot 


MT1V 


A,H 


IREAD MEH;)RY 


E1J7 na 




CMP 


B 


(COMPARE TO CODE 






pack in 



E338 2012 




jniz 


SKP 


E33A Fl 




POP 


rew 


E33B FE53 




CPI 


*S' 


E33D F5 




PUSH 


PSW 


E33E 2806 




JRZ 


cncp 


E340 23 


4»"» 


IHX 


M 


E34I 7B 




K7J 


A,M 


B342 2B ' 




OCX 


II 


E343 B9 




CMP 


C 


E344 2006 




JTtJZ 


SKP 


E346 23 


COCP 


INX 


11 


E347 7B 




KN 


A,M 


E348 2B 




OCX 


II 


E349 011DE2 




« CALL 


ERR 


E34C C03FE2 


SKP 


CALL 


BMP 


E34F 2QE5 




JFWZ 


CONT 


E351 Fl 




POP 


PSW 


E352 C9 




RET 




E353 


* 






E353 


* INPUT DATA 


FTCM A PORT 


E353 CDC4E4 


PINPT 


CALL 


PTSTNG 


E356 49465055 




DTH 


'INPUT 


E35A 54A0 








E35C COOAEI 




CALL 


MIE2 


E35F 4B 




HJV 


C,B 


E360 E078 




INP 


A 


E362 C326E2 




JKP 


PT2 


E365 


# 






E36S 


• output TO A PORT 




E365 CDC4E4 


POWP 


CALL 


PTSTNG 


E368 4F555450 




DTH 


•CWPU) 


E36C 5554AO 








E36P COOAEI 




CALL 


AIIE2 


E372 COOAEI 




CALL 


AIIB2 


E375 4D 




MOV 


C,L 


E376 ED59 




CUTP 


E 


E378 C9 




RET 




E379 


* 







(SKIP IF NO aw 
JFKTCII OWHOL 



| READ NEXT BYTE 
jDBCR ADORERS 
I PRINT (DOES 

iCjisck rr ram 

IBACK FOR MORE 



iREAD 2 Oir.lTS 



(READ 2 DIGITS 
(READ 2 DIGITS 
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E379 




B379 




E379 




E379 




E379 




E379 




E379 




E379 


FOOO 


R379 


0020 


E379 


0004 


E379 




£379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 




E379 


0050 


E379 


0018 


E379 


3EI4 


E37B 




E37B F5 


E37C C5 


E370 m 


E37E E5 


E37F E67F 


E3BI 


4F 


E382 


1A00E8 


E38"> FEC3 


B387 


79 


E388 CC0OE8 


E38D CD60E4 


E38E 3AEAFF 


E391 


A7 


E392 


28QA 


E194 


3» 


E395 


32EAFF 


E39B CAAFE4 


E39B OA6E4 



lillllllllilKlHtlllllHIIIIIMtMl 



>*£* **** 



VIDEO DRIVER (OR FLASIWRITER II 



IlllllllllllllllMlillltllllllllMlllllKIlt 



PAGE BQU 

SPACE EQU 

CJ.RSCRN BQO 



PR+1000H 

2011 

4 

********************* 



ISCREEN LOCATION 



« control code commands! * 

» (b) home cursor • 

* (d) clear screen » 

* (E) PRINT CONTROL CODE * 

* (II) BACKSPACE • 
" (I) TAB • 

* (J) LINEFEED » 

* (M) CARRIAGE RETORN • 

* (N) NO CURSOR • 

* (P) CLEAR TO END OF SCREEN • 

* (0) CLEAR TO END OF LINE • 
» (R) CURSOR DOWN » 

* (T) TOGGLE REVERSE VIDEO « 

* (U) CURSOR UP • 

* (W) CURSOR LEFT » 
« (X) CLEAR TO START OF LINE « 
' (Z) CURSOR RIGHT * 

* ESC XY POSITION LEAD-IN » 

* * 



* VIDEO BOARD PARAMETERS 
HORIZ EQU 80 

VERT BQU 24 



TVTDEO 



VIDEO 



MVI 



A, 'T'-64 



I NO. OF CHARACTERS 
iNO. OF LINES 

ITOGGLE VIDEO 



DISPL 



PUSH 


PSH 


PUSH 


8 


PUSH 


D 


PUSH 


H 


ANI 


07FH 


MOV 


C,A 


LDA 


BASE+800H 


CPI 


0C3II 


M3V 


A,C 


cz 


BASE+800H 


CALL 


LtFTCURS 


im 


XYFIAG 


ANA 


A 


JRZ 


NOXY 


DCR 


A 


sm 


XYF1AG 


JZ 


1VOG 


JMP 


XPOS 



iPROH THERE? 

(CALL IT IF SO 
I ERASE CURSOR 



PACE 12 



E39E 79 


NOXY H3V 


A,C 


; RECOVER CHARACTER 


E39F FE20 


CPI 


SPACE 


iPRlNTlNt? OtW.7 


E3A1 F2D5E3 


JP 


PRINT 




E3A4 FE1C 


0S| 


PCL-TAH, 


(TOO IJUCB? 


E3A6 F242B4 


JP 


RET 




E3A9 E5 


PUSH 


H 


»CURSOR IN HFNJHY 


E3AA 2IBBE3 


LXI 


»I,TABL 


I TABLE START 


E3AO 5F 


tew 


E,A 




E3AE 1600 


HVI 


D,0 




E3B0 19 


no 


D 




E3B1 5E 


MTV 


E,M 




E3D2 2ID4E3 


LXI 


It, PCL 




E3I35 19 


DAD 


D 




E3B6 E3 


XT1IL 




I RECOVER H 


E3B7 C9 


RET 




(EXECUTE ROUTINE 


E3B8 


• CONTROL CHARACTER JUMP TABLE 




E3B8 6E 


TABL DO 


RET-PCL 


»e 


E3B9 6E 


DO 


RET-PCL 


]A 


E3BA 63 


DO 


HOME-PCL 


(B HOME OIRUOR 


E3BB 6E 


OB 


RET-PCL 


|C 


E3BC 60 


CO ! 


PORM-PCL 


ID CLEAR SCREEN 


E3BD 00 


DB 


pcl-pcl 


IE PIW CONTROL 


E3BB 6E 


DB 


rct-pcl 


IF 


E3BF 6E 


DB 


RET-PCL 


|G 


E3C0 42 


DB 


DBACKSP-PCL 


|H BACKSPACE 


E3C1 59 


D3 


TAB-PCL 


1 1 TAB OVER 


E3C2 12 


DB 


LXNFHPGj 


iJ LINE FEW 


E3C3 6E 


D3 


RET-POL 


IK 


E1C4 6E 


DD 


RET-PCL 


|L 


E3C5 6A 


DB 


CRET-PCL 


|M CARRIAGE RRT 


E3C6 71 


DB 


RET+3-PCL 


IN NO CURSOR 


E3C7 6E 


DB 


RET-PCL 


to 


E3C8 A7 


DB 


GLEND-PCL 


tP CLR SCN TO END 


E3C9 AC 


DB 


CLLINE-PCL 


tQ CLR LINE TO ENO 


B3CA 12 


DB 


LINF-PQ, 


|R CURSOR [JOHN 


E3CB 6E 


DR 


rct-po. 


IS 


E3CC 76 


DB 


TVIDF-PCL 


IT toggle VI UEO 


E3CD 80 


DB 


CURSUP-PCL 


lU CURSOR UP 


E3CE 66 


DB 


RET-PCL 


IV 


E3CF 50 


DB 


BACKSP-PCL 


|H aiRSOR LEFT 


E3D0 E4 


DB 


a£TRr-pa. 


|X CLR STAIfT OF It* 


E3DI 6E 


DO 


RET-PCL 


lY 


E3D2 06 


DB 


EOlrPCL 


tZ CURSOR RIQIT 


E3D3 CB 


DB 


LEDIN-PCL 


1 I ESC-XY LEAD IN 


E3D4 


* 






E3D4 


» PRINT CODE IN B RBKRDLRSS 




E3D4 48 


PCL HOW 


C,B 




E3D5 


* PRINT THE CHARACTER ON THE SCREEN 




E3D5 3ADDFF 


PRINT LUA 


vfl 




E3D8 A9 


XRA 


c 




E3D9 77 


HOW 


H,A 




bsda 


' BOL CHECKS HIE CURS POS FOR END CF 


LINE 


E3UA 3ADBFF 


EC*. LDA 


CURTOS 




E3DD 3C 


INR 


A 




E3IJE FE50 


CPI 


HORIZ 




E3EO 305O 


JfC 


TAI1HCT 




E3R2 AF 


XRA 


A 
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pace 14 



E3E3 32DQFF 




STA 


CURPOS 


EJE6 


* MOVE DN 1 


I LINE 


* 


E3E6 3ADCFF 


LINF 


LDA 


LINENO 


E3E9 FEI7 




CPI 


VERT-I 


E3U3 2023 




JRNZ 


MQSCRL 


EJFB 


• SCROfi UP ONE LINE 




E)m 2I5O00 


SCHOli 


LXI 


H.HORIZ 


E3F0 ETSBDFFF 




ueo 


TOSCN 


EJF4 19 




DAD 


D 


B3F5 QIAO 


SCRL 


LDI 




E3F7 Emo 




LOI 




EJF9 7C 




HOV 


A.I1 


E3FA FEF7 




CPI 


HORIZ'VERT+PAGB/256 


E3FC 2QF7 




JRNZ 


SCRL 


R3FE ID 




HOV 


A,L 


E3FF FliBO 




CPI 


HORIZ'VEKT+PAGE&OFFH 


E401 20F2 




jmz 


SCRL 


E403 3ADCFF 




L» 


LI NEMO 


E4Q6 


* ERASE ROTTCM LIKE 




F.406 KB 


EBOTL 


xaics 




E407 065O 




HVI 


B.HQRIZ 


E409 3620 


ELOP 


MVI 


M.SPACE 


E40B 23 




I NX 


H 


R40C 05 




DCR 


B 


E40D 20FA 




jrnz 


ELOP 


E40F 3D 




DCR 


A 


E410 3C 


NOSCRL 


I Ml 


A 


E4I1 32DCFF 




STA 


LINENO 


E4I4 I82C 




JR 


ret 


E416 


t 






E4I6 


* ERASE BEFORE BACKSPACING 


E4I6 3620 


DBACKSP 


MVI 


H,2»i 


E4I9 3ADBFF 




LDA 


CURPOS 


E41B A7 




ANA 


A 


E4IC 2B24 




JRZ 


REI" 


E41E 3D 




DCR 


A 


E4IF 2B 




DCX 


H 


E420 3620 




MVI 


M,201l 


E422 tBIB 




JR 


TABRET 


E424 


* MOVE THE CURSOH BACX 




E424 3A06FF 


BACKSP 


LDA 


CURPOS 


E427 30 




DCR 


A 


E428 F23FE4 




JP 


TABRET 


E42B 1611 




JR 


CREr 


E42D 


* TAB OVER TO TilE NEXT B MULTIPLE 


E420 3ADOFF 


TAB 


LDA 


CURPOS " 


E430 F607 




ORI 


7 


E432 18A9 




JR 


EOL»3 


E434 


* CLEAR TilE SCREEN AND 


HOME UP 


E434 CD8DE4 


PORM 


CALL 


CLEAR 


E437 AF 


IKWE 


XRA 


A 


E43B 32DCFF 




STA 


LINENO 


E43B 32DOFF 




STA 


VFL |CL« VID FLAG 


E43E 


* CARRIAGE 


RETURN 




B43E AF 


CRET 


XRA 


A 


E43F 32DOFF 


TABRET 


STA 


CURTOS 


€442 


• RfTRJRN It 


) THE CALLIK 


3 ROUTINE 



E442 CO60E4 


RET 


CALL 


LlfTCURS 


E445 El 




POP 


II 


E446 Dl 




POP 





E447 CI 




POP 


B 


E44S Fl 




POP 


PSM 


B449 C9 




RET 




B44A 3A0DFF 


Tvinr 


LDA 


VFL 


E44D EE80 




XRI 


BOtl 


E44F 32DOFF 




STA 


VFL 


E452 1BEE 




JR 


RET 


E454 


It 






E454 


» MOVE TOE CURSOR UP 




B454 3ADCFF 


CURSUP 


U>A 


liheno 


E457 A7 




ANA 


h 


E458 2SEB 




JRZ 


RET 


E45A 3D 




DCR 


A 


E45B 32DCFF 


STORLN 


STA 


LINENO 


E45E 1BE2 




JR 


RET 


E460 


* CALCULATE MEM ADD FRCM CURSOR POSITION 


E460 2IB0F7 


LIFTCURS 


LXI 


H,HORIZ*VEKT+PAGE 


E463 11B0FF 




LXI 


D,-IIORIX 


B466 3A0CFF 




LDA 


LINENO 


E469 3C 


CLOP 


INR 


A 


E46A 19 




DAD 


D 


E46B FEI8 




CPI 


VERX 


E46D 20FA 




JRNZ 


CLOP 


E46F ED5DDBFF 


CHN 


LDED 


CURPOS 


E473 1600 




MVI 


D,0 


E475 19 




DAD 


D 


E476 


» REVERSE TOE VIDEO 




E476 7E 




MOV 


A,M 


E477 EE80 




XRI 


8011 


E479 77 




MOV 


M,A 


E47A C9 




RET 




E47B 


» CLEAR TO END OF SCREEN 


E47B CD96E4 


CLEND 


CALL 


WRSPC 


E47E 1BC2 




JR 


RET 


E4B0 


* Cl£AR TO 


END OF LINE 




E460 3ADBFF 


CLLINE 


LDA 


aiRPOS 


E483 3620 




MVI 


H.20I 


E485 23 




I NX 


II 


E4B6 3C 




INR 


A 


E487 FE50 




CPI 


5011 


E4B9 20F8 




JIWZ 


CLLINE+3 


E4BB 18B5 




JR 


RET 


E4BD = 


► CLEAR TOE SCREEN 




E4BD 2IOOF0 


CLEAR 


LXI 


H.PAGE 


E490 22DFFF 




sum 


TOSCN 


E493 22EAFF 




SIILD 


XYFLAG 


E496 3620 


WSPC 


MVI 


H,20ll 


E49B 23 




INX 


H 


E499 7C 




MOV 


A,H 


F.49A FEF8 




CPI 


PACE* 20 48/256 


E49C 20F8 




JRNZ 


WRSPC 


E49E C9 




RET 




E49F 


• 






E49F 


* PROCESS 


mm in code 





SOFT IM I ZED AT fiDTIUi 
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F.49F 3E02 


LEDIN 


MVI 


A, 2 




E4A1 32EAFF 




STA 


XYFLAG 




F.4A4 189C 




JR 


RET 




E4A6 


• 








E4A6 


• SET X AND Y CURSOR POSITIONS 




E4A6 79 


XPOS 


MDV 


A,C 




E4A7 FE50 




CPI 


80 




E4A9 3802 




JRC 


XlNttt 




E4AR 3E4F 




MVI 


A, 79 




E4AT1 1890 


XINTC 


JR 


TABRET 




E4AF 


* 








E4AF 79 


YPOS 


KJV 


A,C 




E4no rsra 




CPI 


24 




E402 3802 




JIC 


YINRG 




E4B4 3E17 




HVI 


A,23 




F.4B6 18 A3 


YINTO 


JR 


STORLN 




E4D8 


* 








E4H8 AF 


OSTRT 


XRA 


A 




E4B9 32DOFF 




STA 


ampos 




E4BC CD60F.4 




CALL 


LIFTOIRS 




F.4UF 18UF 




JR 


CLLINE 




E4C1 E4Ct - 


MRQJD 


K3U 


S 




E4CI 


» CURSOR STORAGE LOCATIONS 


■ 


E4a 




ar» 


SPTR+OH1 




FFDB 


CURPOS 


DS 


1 


IPOS ON LINE 


FFDC 


LINENO 


CS 


1 


jLINB NUHBER 


FF1» 


VPl. 


os 


t 


I REVERSE VI D FLAG 


FFDE 


wiorii 


ds 


1 


,-priwt worn 


FFDF 


toscn 


ds 


2 


jTOP CT SCREEN 


FFBl 


TCURPOS 


DS 


2 


rTEMP POSITION 


ITE3 




1,1* 


'M5' 




FFE3 


* ADDITIONS TO 


4.0 MONITOR 




FFE3 




ORG 


MS END 




E4CI 


' PRINT A STRIM3 






E4C1 CDPFEO 


RPTSTNG 


CALL 


CRLF 


;CRLF FIRST 


E4C4 E3 


ptstng 


XTHL 






F.4C5 7E 




KN 


A,H 




E4C6 23 




INX 


H 




B4C7 E3 




XTHL 






E4C8 A7 




MA 


A 


. 


E4C9 U)7nE3 




CALL 


VIDEO 


(PRIKT IT 


E40C F8 




RM 






E4CD 18F5 




JR 


prsmG 




»E4CF 


* SIGN ON MESSAGE 






E4CF 3E04 


SICW 


HVI 


A, 4 


1 CLEAR SCREEN 


K4HI .CD7BE3 




CALL 


VIDEO 




E404 2150FI 




LXI 


H,PAGE + 150II 




E4D7 E% 




PUSH 


II 


— 


E4D8 115 IF1 




LXI 


0,PAGE + I51II 




E4IM 013OQ0 




IJ(I 


R, 31)11 




E4nt: 36 1 a 




HVI 


M.12H 


;GRAPIIIC aiAOACTei 


E4B) maa 




LDIR 






E4F.2 Et 




POP 


H 




E4E1 IIAOF1 




IXI 


I),PAGE + 1A0II 




E4R6 0I8O02 




LXI 


B.640 




E4F.9 H»0 




LDIR 






E4ET1 Q1C4E4 




CALL 


PTSTNG 





PAOE 16 



E4EE IB 
E4EF 2007 
E4F1 20564543 
E4F5 544F5220 
E4F9 47524150 
E4FO 48494320 
E501 IB 
E502 2008 
E504 20202020 
E50B 4D4F4E49 
E50C 544F5220 
E5I0 20202020 
E514 IB 
E515 2009 
ESI 7 20205645 
E5IB 5253494F 
E5IF 4E20342E 
E523 32202020 
E527 IB 
E528 008D 

B52AJ3L-— — 
E52B COC1E4 
E52E 4D6F6E3E 
E532 A0 
E533 C9 
E534 
E534 

E534 CDC4E4 
E537 41534349 
E53B 49204455 
E53F 4D50A0 
E542 CMEEl 
E545 CD88E5 
E548 
E548 78 
E549 FE40 
E54B 28 1A 
E54D B60F 
E54F 2810 
E551 E603 
E553 2808 
E555 3E20 
E557 C3J7UE3 
E55A 04 
E55B IBEB 
E55D 3EfiC 
E55F 18F6 
E56I 7B 
E562 CI}20E2 
E565 18F3 
E567 

E567 CD79E1 
E56A CDF4R5 
E560 CD0FE2 
E570 0E3F 
E572 a)79E5 
E575 FA6AE5 



PROMPT 



DB 
DO 
DT 



DB 

DO 
DT 



DB 
DO 
DT 



DB 
DO 
...RET— 
CALL 

rail 

RET 



•WIDE ASCII DOT 
MVSCI I CALL 

DTK 



CALL 
CALL 
RJLER FOR ASO 
KJV 
CPI 
JRZ 
ANI 
JRZ 

mi 

JRZ 
HVI 
CALL 
INR 
JR 
HVI 
JR 
HDV 
CALL 
JR 
REVERSE VI DEO 
CALL 
CALL 
CALL 
HVI 
CALL 
JM 



27 

200711 

■ VECTOR GRAPHIC 



JESC 
|X»32 Y=7 



* HAKE A 
HJLELP 



REENTR 

MARKER 

MHKR 



• TOGGLE 

TERMLIN 

WDMPI 



27 

200811 

' MONITOR 



27 

200911 

' VERSICN 4.2 



27 
8QI 



RPTSItC 
'Mcm> * 



PTSTNG 
•ASai DLMP 



TAI1EX 
IKMEC 
I DUMP 
A,B 
64 
TEIWLIN 

ofh 

NUHBER 

3 

MARKER 

A ' " 

VI1EO 

B 

HJIELP 

A,H' 

REFWR 

A,B 

OIMI 

REFKIW3 

TVIDEO 

SCTSCRLL 

PTAD 

C,63 

W)MP2 

hdmpi 



IESC 
|X=32 



Y=B 



IESC 
lX-32 Y=9 



IESC 
lX=0 Y=I3 
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pn.;k in 



E57B C8 




RZ 




E579 7E 


M3MP2 


MDV 


A,M 


E57A 47 




H3V 


R,A 


E57B 1E05 




MVI 


A, 'E»-64 


E57D CD70E3 




CALL 


VIDEO 


E580 CD3FE2 




CALL 


BMP 


E">83 C8 




m 




E5B4 00 




DCR 


C 


ES85 F8 




m 




E586 I8FI 




JR 


HDMP2 


E588 


* HOE CURSOR, 


PRINT ", 


AOOR" 


E588 CDC1E4 


IKHEC 


CALL 


RFTSTNG 


ES8R M 




CO 


'T'-64 


ES8C 41444452 




DTII 


"ADOR ' 


E590 AO 








E59I 0600 




MVI 


B,G 


E593 3E18 




MVI 


A, 24 


E595 32DEFF 




STA 


muni 


E598 C9 




RET 




E599 


* make a rulbr 


TOR HEX 


DUMP 


E599 78 


IIEXRULER 


K7V 


A,B 


E59A FEIO 




a>i 


16 


E59C 2806 




JRZ 


HEXRCT . 


E59E C01CE7 




CALL 


PT2S 


E5AI D4 




INR 


B 


E5A2 I8F5 




JR 


IIEXRULER 


E5A4 


* EXTEND FOR ASCII 




E5A4 OnmEQ 


HEXRCT 


CALL 


SPCE 


E5A7 CLWEO 




CALL 




E5AA 0600 




MVI 


R,0 


E5AC 78 


HEXRLP 


MOV 


A,B 


E5AD FEIO 




CPI 


16 


E5AF C8 




RZ 




E5B0 E60F 




AMI 


oni 


E5B2 CD3IE2 




CALL 


BINL 


E5I15 04 




INR 


B 


E5B6 18F4 




JR 


HEXRLP 


E5D8 


* HEX IXMP ROUTINE 




E5H8 CDC4E4 


HEXHJL 


CALL 


PTSTOS 


E"5B0 484S5B20 




DTII 


•HEX DUHP 


E5BF 4 4 554D50 








ESC3 AO 








E5C4 CDOEBI 




CALL 


TAIIEX 


E5C7 CD88E5 




CALL 


IKHEC 


E"SCA CTO9E5 




CALL 


HEX RULER 


ESCO CD79E3 




CALL 


TVIDEO 


E500 a>F4E"j 




CALL 


SETSCRLL 


E5D3 CD0FE2 


HUM 


CALL 


pi-ad 


E5D6 ES 




PUSH 


II 


ES07 D5 




PUSH 





E5D8 OE10 




MVI 


C,16 


E5DA 7E 


HLP2 


MOV 


A,M 


E5IB COICE7 




CALL 


PT2S 


E5DE 23 




INX 


II 


e« qo 




DCR 


C 


E5E0 C2I.WE5 




Ml 


I1LP2 


E5E3 01 




POP 


1) 



E5E4 El 




POP 


II 




E5E5 OEOF 




MVI 


C,I5 




E5E7 COOAEO 




CALL 


SPCE 




E5EA COOAEO 




CAI.L 


SPCE 




E5ED CD79E5 




CALL 


WXP2 




E5F0 FAD0E5 




JM 


1ILPI-3 




E5F3 C9 




RET 






E?F4 


* CHECK TO SET SCROLL POINT 




85F4 3ADEFF 


SETSCRLL 


LDA 


WIDTH 




E5F7 30 




DCR 


A 




E5F8 32DEFF 




STA 


HI DTII 




E5FO 2007 




JMZ 


CrSCRL 




E5FD 0I5OFO 




LXI 


B,PAGE+5ttl 


j 2ND LINE 


E600 ED43DFFF 




SOCD 


TOSCN 


jSCROLL milTT 


E604 C9 


CTSCRL 


RET 






E605 


* 








E605 


* PROGRAM MEWRY 






E605 CDC4E4 


PROGRAM 


CAf.L 


PTsrre 




E608 50524F47 




DTII 


•PROGRAM ' 




E60C 524I4DA0 










E6I0 CDBDEO 




CALL 


AH EX 


lADDR IN ML 


E6I3 ED53EIFF 




SDED 


TCURPOS 




E6I7 CD8BE5 




CALL 


HOMEC 


IPRINT "ADOR" 


E61A C099E5 




CALL 


IIEXRULER 




E6ID C079E3 




CALL 


TVIDEO 




E620 AF 




XRA 


A 




E621 32DEFF 




sm 


width 




E624 CD8EE6 




CALL 


PRTILINE 


fPRINT LINE a 


E627 CD2FEI 


POLLCOP 


CALL 


ESCAPE 




E62A CDBDEO 




CAI.L 


HEX 




E62D 2AEIFF 




LIILD 


TCURPOS 




E63Q 301A 




jmc 


HXMEH 




E632 


» CONTROL COOS TABLE 






E632 FE20 




CPI 


i i 




E634 2846 




JRZ 


CSRT 




E636 FE08 




CPI 


8 




E638 2845 




JRZ 


CSLT 




E63A FEU 




CPI 


*R»-64 




E63C 2839 




JRZ 


CSDN 




E63E FEI5 




CPI 


•U"-64 




E640 282F 




JRZ 


cajp 




E642 FEI7 - 




CPI 


'W-64 




E644 2839 




JRZ 


CSLT 




B646 FEIA 




CPI 


•Z'-64 




E648 2832 




JRZ 


CSRT 




E64A I8DB 




JR . 


POLLOOP 




E64C 


* MODIFY A MEH3RY LOCATION 




E64C 2AEIFF 


HODMEN 


UILD 


TCURPOS 




E64F 4F 




VOi 


C,A 




E650 3ADEFF 




Lm 


WIDTH 




E6S3 A7 




WA 


A 




E654 7E 




H3V 


A,H 




E655 280D 




JRZ 


LSNIOL 




E657 E6F0 




mi 


OFOII 




E659 01 




ORA 


C 




E65A 77 


RIMEM 


KJV 


M,A 




E650 3ADEFF 




UTA 


wtuni 
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or,R 20 



E65E EEOI 






XRI 


1 


E660 20 IF 






JRNZ 


RTRTN+1 


E662 IB 18 






JR 


CSRT 


E664 17 


LSNIBL 




RAL 




E665 17 






RAL 




E666 17 






RAL 




E667 17 






RAL 




E668 E6F0 






ANI 


OFOH 


E66ft Bl 






ORA 


C 


E66(! OF 






rrc 




E66C OF 






RRC 




F.660 OF 






RRC 




E66E OF 






RRC 




e66f ibm 






JR 


REICH 


F.671 


* MOVE 


UP ONE LINE 




F.671 11F0FF 


CSUP 




LXI 


0,-16 


E674 *19 






DAD 


D 


E675 1809 






JR 


RTRTN 


E677 


* HOVE 


Da* ONE LINE 




E677 111OO0 


caw 




LXI 


D,I6 


E67A 18F8 






JR 


CSUP+3 


E67C 


* H3VE 


RICHT CNE SPACE 




E67C 23 


CSRT 




INX 


H 


E67D 1801 






JR 


RTRIH 


F.67F 


* M3VB 


LEFT ONE SPACE 




E67F 2B 


csr;r 




DCX 


II 


E6B0 


* 








E680 AF 


RTRm 




XRA 


A 


E681 12DEFF 






STA 


mow 


E684 22EIFF 






S11LD 


TCURPOS 


E687 3E15 


OPAflCM 




MVI 


A, 'U'-64 


E689 CD7BE3 






CALL 


VIDEO 


E68C 1896 






JR 


POLLOOP-3 


E60E 


» PRINT A 


LINE CONTAINING ((H)) 


E68E 2AEIFF 


PKT1LINE 


IJILD 


TCURPOS 


E69I ES 






PUSH 


H 


E692 Dl 






POP 


D 


E693 70 






M3V 


A,L 


E694 F60F 






ORI 


OHI 


E696 5F 






KN 


E,A 


E697 E6F0 






AN I 


OFOH 


E699 6F 






K3V 


L,A 


ES9A COCOES 






CALL 


IILP1 


El",90 


* NOW 1 


W 


CURSOR WERE 


IT ODES 


E69D CD60E4 






CALL 


LIFTCURS 


E6A0 2AEIFF 






MILD 


TCURPOS 


E6A3 7D 






rev 


A,L 


E6A4 EfiOF 






WI 


ORI 


E6A6 6F 






HOV 


L,A 


E6A7 JF.05 






HVI 


A, 5 


E6A9 20 


PLCP1 




DCR 


L 


E6AA FW31E6 






JH 


paaoCT 


E6A0 C603 






adi 


3 


E6AF 1BF8 






JR 


PLCP1 


E601 6F 


pomr 




KN 


L,A 


E6B2 3ADTCFF 






m 


HI 001 


E6BS 85 






ADD 


L 



E6B6 


* A - 5+3'L+W 






E6B6 32IX1FF 


STA 


OURPOS 




E6B9 C360E4 


JHP 


LIFTCtlRS 




E6BC 


* 






E6DC 


* 






E6BC 


* DISPLAY REGISTERS 






E60C CDC4E4 


DRIES CALL 


PtSXUT, 




E6BF 52454749 


DTII 


'RK3ISTERS' 




E6C3 53544552 








E6C7 D3 


# 






E6C8 


* DUMP REGISTERS AFTER ENTRY FRfM RGT 7 




ESCfl E3 


OUMPREGS XTHL 






E6C9 F5 


PUJ1I 


PSW 




E6CA C022E7 


CALL 


DtSPRHS 




E6C0 2B 


OCX 


11 


jGET BREAK ADO 


E6CE CD0FE2 


CALL 


PrAD 




E6D1 El 


POP 


H 




E6D2 C5 


PUSH 


B 




E6D3 CD77E7 


CALL 


PRTFLOS 




E606 CI 


POP 


D 




E6D7 C012E2 


CALL 


PTAD+3 


iPRIWr AF 


E6DA El 


POP 


11 




E6DD 22E3FF 


sins 


IILTEHP 




E6DE C098E7 


CALL 


PTIIREE 


IPRINT B D 11 


E6EI DDES 


PUSH 


IX 




E6E3 El 


POP 


11 




E6E4 CD12E2 


CALL. 


PTAD+3 


iPRINT IX 


E6E7 FDE5 


PUSH 


IY 




E6E9 El 


POP 


II 




E6EA CD12E2 


CALL 


PTAD+3 


(PRINT IY 


E6ED 210000 


LXI 


11,0 




E6F0 39 


DAD 


SP 




E6FI 22E5FF 


SIILD 


SPTEHP 




E6F4 CDI2E2 


CALL 


PTAD+3 


iPRINT SP 


E6F7 08 


EXAF 






E6F8 F5 


PUSH 


PSW 




E6F9 El 


POP 


11 




E6FA C012E2 


CALL 


PTAD+3 




E6FO D9 


EXX 






E6FE CD98E7 


CALL 


POIREE 




E701 D9 


EXX 






E702 OA 


LDAX 


B 




E703 COICE7 


CALL 


PF2S 




E706 IA 


LDAX 


D 




E707 COICE7 


CALL 


PT2S 




E70A 2AE3FF 


UILO 


" III.TFHP 




E70D 7E 


HJV 


A,H 




E70E C01CE7 


CALL 


PT2S 




E7II 2AE5FF 


UILD 


SPTtHP 




E714 F9 


SP1IL 






E715 El 


POP 


II 




E7I6 CDI2E2 


CALL 


PTAD+3 




E7I9 C340EO 


JW 


CLRIHW 


•CLEAR IWEAKini 


E7IC 


* 






E7IC OD26E2 


PT2S CALL 


Pr2 


iPRIWr 2 OIARS 


E71F C3DAE0 


JHP 


SPCE 


; PR INI' SPACE 


E722 


* DISPLAY REGISTER HEADER ON SCREEN 





pace 21 



E722 CDCIE4 


MSPRERS 


CALL 


RPTSma 




E725 14 




CO 


'T'-64 




£726 41444452 




OT 


'ADOR FLAGS 


AF I 


E72A 20464C4 1 










E72E 47532O20 










E732 4 1462020 










E736 20424320 










E71A 20204445 










E73E 2O20204B 




DT 


' 111. IX 


IY 


E742 4C202020 










E746 495H2020 










E74A 20495920 










E74B 20 205350 










E752 20 










E753 21204146 




OT 


" AF" 




E757 27 




DB 


27H 


|« 


E758 20204243 




ra- 


' BC* 




E75C 27 




ce 


27H 




E7SO 20204445 




at 


' DE' 




E761 27 




ce 


27H 




6762 2020484C 




or 


' HL' 




E766 27 




CB 


27H 




E767 20404220 




OT 


■ m » gti esp « 


E76U 40442040 










E76F 48204053 










E773 5020 










E775 94 




DB 


T'+64 




E776 CI 




RET 






E777 


* 








E777 


* pram' flags 








E777 015A40 


PKTF1XB 


LXI 


B.405A1I 


|J 


B77A CW7B7 




CALL 


MASKFLG 




E77D 014301 




LXI 


B, I43H 


!C 


F.7B0 OM7B7 




CALL 


KASKFLG 




E7U3 014DBO 




LXI 


B,804ai 


iM 


E7B6 CJVV7B7 




CALL 


HASKFLG 




£7119 014504 




LXI 


B, 44511 


ie' 


E7BC CDA7E7 




CALL 


HASKFLG 




E78F O14H10 




LXI 


D, 104811 


}H 


E792 CUA7E7 




CALL 


HASKFLG 




E795 C3DAE0 




JMP 


SPCE 




E798 


« 








E798 


* PRINT DC DE 


HL IN ORDER 




E798 E5 


PTIIREE 


P05I1 


11 




E799 C5 




PUSH 


B 




E79A El 




POP 


II 




E79n CH12E2 




CALL 


PTAD+3 




E79F. D5 




PUSH 


D 




E79F El 




POP 


II 




E7/V0 CK12E2 




CALL 


prAot3 




E7A1 El 




POP 


II 




£7*4 C1I2E2 




.IMP 


Pl'AO+3 




E7A7 


* 








F.7A7 7D 


MASKFIG 


MOV 


A,L 




E7A8 AO 




WA 


n 




E7A9 JE20 




KVI 


A, 2011 




E7AH CA70R3 




JI 


vioeo 





BC DE' 



SP 



PNV. 22 



E7AB 79 




MTV 


A,C 




E7AF C37BE3 




JMP 


VIDEO 




E782 


* 








B7I32 


* SET BREAK POIOT 






E7D2 CDC4E4 


SETORK 


CALL 


PrSTNG 




E7B5 42524541 




tmi 


■BREAK AT 


■ 


E7B9 4B204154 










E7BD A0 










E7B8 eoooeo 




CAI.L 


AIIEX 




E7CI 1A 




LOW 







E7C2 32E9FF 




STA 


BIlKCOOe 




E7C5 ED53E7FF 




S)ED 


BKPrLOC 




E7C9 3EFP 




HVI 


A, OFF!! 


|RST 7 


E7CB 12 




smx 


D 




E7CC C9 




RET 
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* EXTERNAL 1 
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CALL 
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E7D0 45585420 




mn 


'EXT CCM ' 
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E7D8 D605 


RECEIVE 


IN 


5 




E7DA E602 




Nil 


2 
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JBZ 


NExam 




ETDe 0604 




IN 


4 
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CALL 


VIDEO 
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NEXaiR 


CALL 


ESCAPE 
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JRZ 
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E7E8 D304 




cur 


4 
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JR 


RECEIVE 
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1 
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FFEA 
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1 
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